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Motorola 
Power  Transistors  in  Brief 


Wide  Range  of  Transistor  Specifications 

Bipolar  transistors,  NPNs  and  PNPs,  single  and  multiple  (Darlington)  transistor 
structures,  metal  and  plastic  packages,  Motorola's  inventory  of  more  than  1100 
standard  (off-the-shelf)  power  transistors  covers  the  widest  range  of  specifications 
for  virtually  every  potential  applications  requirement. 

Current  Range  -  0.5  to  300  Amperes 

Voltage  Range  -  25  to  1 500  Volts 

Power  Dissipation  Range  -  5  to  500  Watts. 

Dar,i„g«„„,  iJl 

Consisting  of  two  transistors,  up  to  two  resistors,  and  (up  to)  two  diodes  on  a  single 
chip,  Darlington  transistors  achieve  gain  figures  up  to  20,000  in  a  single  package. 
Rapid  line  expansion,  and  the  resulting  widespread  implementation  make  Motorola 
Darlingtons  highly  cost-effective  in  a  fast  growing  number  of  applications. 


Chips,  Chips,  Chips! 

Designing  a  hybrid?  Motorola's  total  repertoire  of  power  transistors  is  available... 
UNENCAPSULATED :  Check  with  your  Motorola  Sales  representative  for  price  and 
delivery. 


Specials  Unlimited 

Need  a  unique  transistor  with  specifications  not  available  off-the-shelf?  Chances  are 
Motorola  can  produce  it  quickly  and  inexpensively.  Routine  use  of  four  major  power 
processes  and  more  than  two  decades  of  experience  in  the  pioneering  of  new 
structures  and  geometries  provide  the  insight  and  capability  to  meet  any  required 
specification  within  the  limits  of  today's  technology. 
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Index  and  Cross  Reference 


The  table  on  the  subsequent  pages  contains  an 
Alphanumeric  index  of  Silicon  power  transistors 
currently  manufactured  and  available  to  the 
industry. 

The  column  headed  "Similar"  lists  units  with  char- 
acteristics that  might  represent  suitable  replace- 
ments. In  cases  where  such  a  replacement  is 
contemplated,  the  Motorola  device  data  sheet 
should  be  carefully  compared  with  one  for  the 
device  being  replaced  to  determine  any  variations 
that  could  affect  circuit  performance. 
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2-28 

3-110 

2N5286 

2N6189 

2-7 

3-189 

2N5287 

2N6189 

2-7 

3-189 

2N5293 

2N6123 

2-18 

3-185 

2N5294 

2N6123 

2-18 

3-185 

2N5295 

2N6121 

2-18 

3-185 

2N5296 

2N6121 

2-18 

3-185 

2N5297 

2N6122 

2-18 

3-185 

2N5298 

2N6122 

2-18 

3-185 

2N5301 

2N5301 

3-98 

2N5302 

2N5302 

2-6 

3-98 

2N5302JAN 

2N5302JAN 

2-5 

3-98 

2N5302JTX 

2N5302JTX 

2-5 

3-98 

2N5302JTXV 

2N5302JTXV 

2-5 

3-98 

2N5303 

2N5303 

2-5 

3-98 

2N5303JAN 

2N5303JAN 

2-5 

3-98 

2N5303JTX 

2N5303JTX 

? 

3-98 

2N5303JTXV 

2N5303JTXV 

2-5 

3-98 

2N5326 

2N5347 

2-28 

3-110 

ZWOooJ 

9MR9n9 

9  97 

2N5334 

2N5337 

2-7 

3-102 

2N5335 

2N5337 

2-7 

3-102 

2N5336 

2N5336 

2-7 

3-102 

2N5337 

2N5337 

2-7 

3-102 

2N5338 

2N5338 

2-7 

3-102 

2N5339 

2N5339 

2-7 

3-102 

2N5344 

2N5344 

2-8 

3-106 

2N5345 

2N5345 

2-8 

3-106 

2N5346 

2N5346 

3-110 

9MC9/17 

9  90. 
Z-Zo 

9  1 1  n 
o-t  lU 

2N5348 

2N5348 

3-110 

2N5349 

2N5349 

2-28 

3-110 

2N5384 

2N6187 

2-28 

3-189 

2N5385 

2N6187 

2-28 

3-189 

2N5386 

2N5038 

2-5 

3-86 

2N5387 

2N6546 

2-4 

3-263 

2N5388 

2N6546 

2-4 

3-263 

2N5389 

2N6546 

2-4 

3-263 

2N6404 

2N6191 

2-7 

3-192 

ZIN04UD 

9MK1Q9 

zino  iyz 

9  7 

9  1QT 

2N5406 

2N6191 

2-7 

3-192 

2N5407 

2N6193 

2-7 

3-192 

2N5408 

2N6187 

2-28 

3-189 

2N5409 

2N6189 

2-7 

3-189 

2N5410 

2N6187 

2-7 

3-189 

2N5411 

2N6189 

2-7 

3-189 

2N5427 

2N6427 

2-8 

3-114 

2N5428 

2N5428 

2-8 

3-114 

2N5429 

2N5429 

2-8 

3-114 

2N5430 

2N5430 

2-8 

3-114 

2N6466 

2N6545 

2-3 

3-259 

2N5467 

2N6545 

2-3 

3-259 

2N5477 

2N5347 

2-8 

3-110 

2N5478 

2N5347 

2-8 

3-110 

2N5479 

2N5349 

2-8 

3-110 

2N5480 

2N5349 

2-8 

3-110 

2N5490 

2N6290 

2-19 

3-182 

2N5491 

2N6290 

2-19 

3-182 
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2N5492 

2N6292 

2-19 

3-182 

2N5493 

2N6292 

2-19 

3-182 

2N5494 

2N6290 

2-19 

3-182 

2N5495 

2N6290 

2-19 

3-182 

2N5496 

2N6292 

2-19 

3-182 

2N5497 

2NI6292 

2-19 

3-182 

2N5508 

2N5428 

2-8 

3-114 

2N5539 

2N6379 

2-6 

3-229 

2N5559 

2N5633 

2-3 

3-122 

2N5575 

2N5685 

2-6 

3-129 

2N5578 

2N5685 

2-6 

3-129 

2N6598 

2N5428 

2-8 

3-114 

2N5600 

2N5428 

2-8 

3-114 

2N5502 

2N5428 

2-8 

3-114 

2N5604 

2N5430 

2-8 

3-114 

2N5606 

2N5428 

2-8 

3-114 

2N5610 

2N5428 

2-8 

3-114 

2N5612 

2N 

5430 

2-8 

3-114 

2N5614 

2N 

2-3 

3-18 

2N5616 

2-3 

3-18 

2N5618 

2N3448 

2-3 

3-18 

7WRR9Q 

Z-M 

9  1  10. 

2N5630 

2N5630 

2-4 

3-118 

2N5631 

2N5631 

24 

3-118 

2N5632 

2N5632 

2-3 

3-122 

2N5633 

2N5633 

2-3 

3-122 

2N5634 

2N5634 

2-3 

3-122 

2N5651 

2N6235 

2-8 

3-198 

2N5655 

2N5655 

2-9 

3-126 

2N5656 

2N5656 

2-9 

3-126 

2N5657  ' 

2N5657 

2-9 

3-126 

JUUU 

2N6233 

9  Q 

Z-o 

T  1QQ 

2N5664 

2N6233 

2-8 

3-198 

2N5665 

2N6235 

2-8 

3-198 

2N5671 

2N6338 

2-6 

3-226 

2N5672 

2N 

5339 

2-6 

3-226 

2N5678 

2N 

6378 

2-6 

3-229 

2N5683 

2N5683 

2-6 

3-129 

2N5683JAN 

2N5683JAN 

2-6 

3-129 

2N5683JTX 

2N5683JTX 

2-6 

3-129 

2N5683JTXV 

2N5683JTXV 

2-6 

3-129 

2N5684 

z-o 

9.1  9Q 

j- 1  zy 

2N5684JAN 

2N5684JAN 

2-6 

3-129 

2N5684JTX 

2N5684JTX 

2-6 

3-129 

2N5684JTXV 

2N5684JTXV 

2-6 

3-129 

2N5685 

2N5685 

2-6 

3-129 

2N5685JAN 

2N5685JAN 

2-6 

3-129 

2N5685JTX 

2N5685JTX 

2-6 

3-129 

2N5685JTXV 

2N5685JTXV 

2-6 

3-129 

2N5686 

2N5686 

2-6 

3-129 

2N5686JAN 

2N5686JAN 

2-6 

3-129 

2N5686JTX 

2N5686JTX 

2-6 

3-129 

2N5686JTXV 

2N5686JTXV 

2-6 

3-1 29 

2N5729 

2N5337 

2-7 

3-102 

2N5730 

2N5347 

2-28 

3-110 

2N5733 

2N6274 

2-6 

3-205 

2N5734 

2N6338 

3-226 

2N5737 

2N5878 

2-3 

3-140 

2N5738 

2N6229 

2-3 

3-122 

2N5739 

2N5878 

2-3 

3-140 

'  Consult  factory  if  a  direct  replacement  is  necessary. 
*  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2N5740 

2N6229 

2-3 

3-122 

2N5741 

2N5883 

24 

3-147 

2N5742 

2N6029 

24 

3-118 

2N5743 

9NRft.R1 

Zl<i OOOO 

24 

3-1 47 

2N5744 

IvlJ^+JUZ 

z-o 

1  7R.R 
0/00 

2N5745 

2N5745 

2-5 

3-68 

2N5745JAN 

2N5745JAN 

9-R 
Z  0 

1  fifi 
0^30 

2N5745JTX 

2N5745JTX 

9  R 
Z  0 

1  fift 
0-00 

2N5745JTXV 

2N5745JTXV 

Z  J 

0"DO 

2N5758 

2N5758 

9  9 
Z-Z 

i  m 

O-IOO 

2N5759 

2N5759 

2-2 

3-133 

2N5760 

2N5760 

2-2 

3-133 

2N5804 

2N6306 

2-3 

3-218 

2N5805 

ZINUU^Z 

$-9 

z  z 

1  9R1 
0  ZOO 

2N5838 

2N5838 

9  9 
z  z 

1  117 
J  1  J/ 

2N5839 

2N5839 

9  9 

z  z 

i  117 

0-10/ 

2N5840 

2N5840 

9  9 

z  z 

1  117 
•310/ 

2N5867 

9N17QQ* 

9  1 

Z  0 

1  RR 
O-0D 

2N5868 

9N17Q0* 
ZIN0/3U 

z-o 

O-jD 

2N5869 

9N1711* 
ZIMO/  10 

Z-o 

1  9fi 
0"Z0 

2N5870 

2N3714* 

2-3 

3-26 

2N5871 

2N3789* 

K  ?-3 

3-56 

2N5872 

2N3790* 

2-3 

3-56 

2N5873 

9N1711* 
ZINO/  10 

9  1 

i     Z  0  ■ 

0-ZO 

2N5874 

9N171A* 
ZINO/  14 

7  1 

1  9fi 
o-zo 

2N5875 

2N5875 

A  « 

Z'O 

O-  I4U 

2N5876 

2N5876 

1  1 

2N5877 

2N5877 

Z  0 

2N5878 

2N5878 

9  1 

Q-  IHU 

2N5879 

2N5879 

1  1/11 
o-  i^o 

2N5880 

2N5880 

24 

3-143 

2N5881 

2N5881 

24 

3-143 

2N5882 

2N5882 

24 

3-143 

2N5883 

2N5883 

Z-4 

o-l4o 

2N5884 

2N5884 

7  R 

0  1/7 

0-14/ 

2N5885 

2N5885 

0  R 

0-14/ 

2N5886 

2N5886 

Z-D 

0-14/ 

2N5929 

zlNbooo 

— 

3-226 

2N5930 

ZlNOOOO 

3-226 

2N5931 

zlNbo4 1 

z-o 

3-226 

2N5932 

2N6338 

— 

3-226 

2N5933 

2N6338 

3-226 

2N5935 

2N6341 

2-5 

3-226 

2N5936 

ZlNOOOO 

T  TOR 
0-ZZD 

2N5937 

Z!\D04  I 

0  R 

z-o 

3-226 

2N5954 

ZINOo  1 0 

Z-o 

Q  001 
6- ILL 

2N5955 

1MRQ17 

z-o 

1  001 

6-111 

2N5956 

7MR71 7 

1_Q 
Z-o 

1  no 

2N5970 

7MRQ.Q1 
ZlNDOOZ 

LA 

"3  1/7 

0-14/ 

2N5971 

ZNDOOZ 

1  j 
Z-4 

11/7 

0-14/ 

2N5972 

MJ 15003 

i-5 

3-1115 

2N5974 

2N5974 

2-11 

3-151 

2N5975 

2N5975 

2-11 

3-151 

2N5976 

2N5976 

2-11 

3-151 

2N5977 

2N5977 

'  2r11 

3-154 

2N5978 

2N5978 

M1 

3-154 

2N5979 

2N5979 

Ml 

3-154 

2N5980 

MJE2955* 

2-11 

3-1132 

2N5981 

MJE2955* 

2-11 

3-1132 

2N5982 

2N5988* 

2-11 

3-157 
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2N5983 

MJE3055* 

2 

11 

3-1132 

2N5984 

MJE3055* 

2-11 

3-1132 

2N5985 

2N5991* 

2-11 

3-157 

2N5986 

2N5986 

2 

11 

3-157 

2N5987 

2N5987 

2 

11 

3-157 

2N5988 

2N5988 

2 

11 

3-1 57 

2N5989 

2N5989 

2 

11 

3-157 

2N5990 

2N5990 

2 

11 

3-157 

2N5991 

2N5991 

2 

11 

3-157 

2N6021 

2N6126 

t  2 

18 

o- 1 00 

2N6022 

2N6126 

2 

18 

3-185 

2N6023 

2IM6124 

2-18 

3-185 

2N6024 

2N6124 

2-18 

3-185 

2N6025 

2N6125 

2-18 

0  I  00 

2N6026 

2N6125 

2-18 

1  1RR 
0  I  00 

2N6029 

2N6029 

24 

1  1 1P. 
o-i  It) 

2N6030 

2N6030 

24 

111ft 
o-i  IO 

2N6031 

2N6031 

24 

111ft 
O-I  lo 

2N6032 

2N6275 

2-6 

1  9DR 

o-zuo 

2N6277 

2-29 

1  90R 

2N6034 

zNoUo4 

2-10 

3-161 

2N6035 

zNoUoO 

2-10 

3-161 

2N6036 

zINbUou 

2-10 

3-161 

2N6037 

zNbUo/ 

2-10 

1  1R1 
0"  ID  I 

2N6038 

ZNoUoo 

2-10 

1  Ifil 
o- 1 0  1 

2N6039 

2NI6039 

2-10 

1  1R1 
0- 1 0  I 

2N6040 

2N6040 

2-19 

1  1R.R 
0- 1  DO 

2N6041 

2N6041 

2- 

19 

1  1RR 
0- 1  DO 

2N6042 

2N6042 

2- 

19 

1  1RR 
0- 1  DO 

2N6043 

2N6043 

2- 

19 

1  1RR 
0- 1  DO 

2N6044 

2N6044 

2-19 

3-165 

2N6045 

2N6045 

2-19 

3-165 

2N6049 

2N6049 

2 

-8 

3-169 

2N6050 

2N6050 

24 

Q  1  70 

o-l  11 

2N6051 

2N6051 

24 

0  1  71 

o-l  IL 

2N6051JAN 

2N6051JAIM 

24 

Q  170 

o-l  /z 

2N6051JTX 

2N6051JTX 

24 

3-172 

2N6051JTXV 

2N6051JTXV 

24 

3-172 

2N6052 

2N6052 

24 

3-172 

2N6052JAN 

2N6052JAN 

24 

3-172 

2N6052JTX 

2N6052JTX 

24 

3-172 

2N6052JTXV 

2N6052JTXV 

24 

3-172 

2N6053 

2N6053 

2-3 

3-176 

2N6054 

2N6054 

2-3 

3-176 

2N6055 

2N6055 

2-3 

3-176 

2N6056 

2N6056 

2-3 

3-176 

2N6057 

2N6057 

24 

0  177 

o-l  11 

2N6058 

2N6058 

24 

0  170 
o-l  11 

2N6058JAN 

2N6058JAN 

24 

0  171 

o-l  /z 

2N6058JTX 

2N6058JTX 

24 

1  171 
O-l  IL 

2N6058JTXV 

2N6058JTXV 

24 

3-172 

2N6059 

2N6059 

24 

3-172 

2N6059JAN 

2N6059JAN 

24 

3-172 

2N6059JTX 

2N6059JTX 

24 

3-172 

2N6059JTXV 

2N6059JTXV 

24 

3-172 

2N6077 

2N6077 

2 

-8 

3-180 

2N6078 

2N6078 

2-8 

3-180 

2N6079 

2N6235 

2-8 

3-198 

2N6098 

2N6487 

2-20 

3-245 

2N6099 

2N6487 

2-20 

3-245 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
"  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2N6100 

2N6487 

2-20 

3-237 

2N6101 

2-20 

3-237 

2N6102 

2N6488 

2-20 

3-237 

2N6103 

2N6486 

2-20 

3-237 

2N6106 

2N6107 

2-19 

3-182 

2N6107 

2N6107 

2-19 

3-182 

2N6108 

2N6109 

2-19 

3-182 

2N6109 

2N6109 

2-19 

3-182 

2N6110 

2N6111 

2-18 

3-182 

2N61 1 1 

2N61 1 1 

2-18 

3-182 

2N6121 

2N6121 

2-18 

3-185 

9N6199 

£MU I LL 

9NR199 

9-1  fl 

L-  10 

o-  loo 

2N6123 

2N6123 

2-18 

3-185 

2N6124 

2N6124 

2-18 

3-185 

2N6125 

2N6125 

2-18 

3-185 

2N6126 

2N6126 

2-18 

3-185 

2N6127 

2N6436 

2-5 

3-241 

2N6128 

2N6338 

2-5 

3-226 

2N6129 

2N6129 

88 

— 

2N6130 

2N6130 

2-19 

— 

2N6131 

2N6131 

2-19 

- 

2N6132 

2N6132 

2-19 

2N6133 

2N6133 

2-19 

— 

2N6134 

2N6134 

2-19 

— 

2N6175 

MPSU10 

2-12 

3-1232 

2N6176 

MPSU10 

2-12 

3-1232 

2N6177 

2N6559 

2-13 

3-277 

2N6178 

MPSU06 

2-12 

3-1228 

2N6179 

MPSU05 

2-12 

3-1228 

2N6180 

MPSU56 

2-12 

3-1245 

2N6181 

MPSU55 

2-12 

3-1245 

ZINu  loO 

9  9Q 

Z-Zo 

9  1QQ 

2N6187 

2N6187 

2-28 

3-189 

2N6188 

2N6188 

2-28 

3-189 

2N6189 

2N6189 

2-28 

3-189 

2N6190 

2N6190 

2-7 

3-192 

2N6191 

2N6191 

2-7 

3-192 

2N6192 

2N6192 

2-7 

3-192 

2N6193 

2N6193 

2-7 

3-192 

2N6211 

2N621 1 

2-8 

3-195 

2N6212 

2N6212 

2-8 

3-195 

9Nfi919 
ZlwZ  lo 

ZIMOZ  U 

9  Q 

9  1QK 

2N6226 

2N6226 

2-2 

3-133 

2N6227 

2N6227 

2-2 

3-133 

2N6228 

2N6228 

2-2 

3-133 

2N6229 

2N6229 

2-3 

3-122 

2N6230 

2N6230 

2-3 

3-122 

2N6231 

2N6231 

ii 

3-122 

2N6233 

2N6233 

2-8 

3-198 

2N6234 

2N6234 

2-8 

3-198 

2N6235 

2N6235 

2-8 

3-198 

2N6242 

MJ13015 

24 

3-966 

2N6243 

MJ13334 

2-3 

3-1 002 

2N6244 

MJ13333 

2-3 

3-1002 

2N6245 

MJ13334 

2-3 

3-1002 

2N6246 

2N5879 

2-4 

3-143 

2N6247 

2N5880 

2-4 

3-143 

2N6248 

MJ15016 

24 

2N6249 

2N6249 

24 

3-201 

2N6250 

2N6250 

24 

3-201 
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2N6251 

2N6251 

24 

3-201 

9N6951 

2N5877 

2-3 

3-140 

2N6254 

2N5878 

2-3 

3-140 

2N6257 

2N6257 

2-5 

348 

2N6258 

2N5686 

2-5 

3-129 

2N6259 

2N5631 

24 

3-118 

2N6260 

2N4231A 

2-8 

3-64 

2N6261 

2N4233A 

2-8 

3*4 

2N6262 

2N5760 

2-2 

3-133 

2N6263 

2N5050 

2-8 

3-88 

2N6264 

2N5051 

2-8 

3-88 

2N6338 

9.  99R 

2N6271 

2N6338 

— 

3-226 

2N6272 

2N6338 

— 

3-226 

2N6273 

2N6338 

— 

3-226 

2N6274 

2N6274 

2-6 

3-205 

2N6274JAN 

2N6274JAN 

2-6 

3-205 

2N6274JTX 

2N6274JTX 

2-6 

3-205 

2N6274JTXV 

2N6274JTXV 

2-6 

3-205 

2N6275 

2N6275 

2-6 

3-205 

2N6276 

2N6276 

2-29 

3-205 

2N6277 

2N6277 

9  9Q 

j-zuo 

2N6277JAN 

2N6277JAN 

2-29 

3-205 

2N6277JTX 

2N6277JTX 

2-29 

3-205 

2N6277JTXV 

2N6277JTXV 

2-29 

3-205 

2N6278 

2N6274 

2-6 

3-205 

2N6279 

2N6275 

2-6 

3-205 

2N6280 

2N6276 

2-29 

3-205 

2N6281 

2N6277 

2-29 

3-205 

2N6282 

2N6282 

2-5 

3-209 

2N6283 

2N6283 

2-5 

3-209 

9NR9R9.  IAN 

ZNOZojJAIN 

9  K 
Z-D 

9  9ftO 

2N6283JTX 

2N6283JTX 

2-5 

3-209 

2N6283JTXV 

2N6283JTXV 

2-5 

3-209 

2N6284 

2N6284 

2-5 

3-209 

2N6284JAN 

2N6284JAN 

2-5 

3-209 

2N6284JTX 

2N6284JTX 

2-5 

3-209 

2N6284JTXV 

2N6284JTXV 

2-5 

3-209 

2N6285 

2N6285 

2-5 

3-209 

2N6286 

2N6286 

2-5 

3-209 

2N6286JAN 

2N6286JAN 

2-5 

3-209 

OMROQfi  ITV 

ZI*IOiOOJ  I A 

9  K 
Z-y 

9  9flQ 

o-zuy 

2N6286JTXV 

2N6286JTXV 

2-5 

3-209 

2N6287 

2N6287 

2-5 

3-209 

2N6287JAN 

2N6287JAN 

2-5 

3-209 

2N6287JTX 

2N6287JTX 

2-5 

3-209 

2N6287JTXV 

2N6287JTXV 

2-5 

3-209 

2N6288 

2N6288 

2-18 

3-182 

2N6289 

2N6288 

2-18 

3-182 

2N6290 

2N6290 

2-19 

3-182 

2N6291 

2N6290 

2-19 

3-182 

2N6292 

2N6292 

2-19 

3-182 

2N6293 

6292 

2-19 

3-182 

2N6294 

2N6294 

2-8 

3-214 

2N6295 

2N6295 

2-8 

3-214 

2N6296 

2N6296 

2-8 

3-214 

2N6297 

2N6297 

2-8 

3-214 

2N6298 

2N6298 

2-8 

3-176 

2N6298JAN 

2N6298JAN 

2-8 

3-176 

2N6298JTX 

2N6298JTX 

2-8 

3-176 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2N6298JTXV 

2N6298JTXV 

2-8 

3-176 

2N6299 

2N6299 

2-8 

3-176 

2N6299JAN 

2N6299JAN 

2-8 

3-176 

7N6799 ITX 

t-liUz.-jCJ  1  A 

2NR299.ITX 

2-8 

3-176 

2N6299  ITXV 

7Nfi?<W  ITXV 

2-8 

3-176 

2N6300 

LA  IMvUU 

2N6300 

2-8 

3-176 

2N6300JAN 

?Nfi3f)0  IAN 

2-8 

3-176 

ZiNUOUUJ  I A 

9NR?nn  ity 

ZINOuUUJ  1 A 

2-8 

3-176 

?NR9nn  ityv 

9MR900  ITYV 

ZISOOUUJ  1  AV 

2-8 

3-176 

2N6301 

9WR901 

2-8 

3-176 

2N6301JAN 

2N6301JAN 

2-8 

3-176 

2N6301JTX 

2N6301JTX 

2-8 

3-176 

2N6301JTXV 

2N6301JTXV 

2-8 

3-176 

9MR90.9 

LA NUJUZ. 

zin  juou 

2-4 

3-1 18 

9MR9H9 

9MR909 

2-27 

3-32 

9Mfi9nfi 

ZINOOUO 

9NIR90R 

ZINOOUO 

2-3 

■3-9 1R 
o-z  I  0 

9NR9nfi  1AM 

9WR90R  IAW 

ZIN00U0JH1N 

2-3 

3-218 

9MR90.fi  ITX 

9MR90R  ITY 

ZIN00U0J  1 A 

2-3 

3-218 

9Nfi9lT7 

9MR907 

ZINOOU/ 

2-3 

3-218 

ZINOOUO 

9NR9nff 

ZINOOUO 

2-3 

3-218 

2N6308JAN 

2N6308JAN 

2-3 

3-218 

2N6308JTX 

2N6308JTX 

2-3 

3-218 

2N6312 

2N6312 

2-8 

3-64 

9MR919 

9MR919 

ZINOO  1 0 

2-8 

3-64 

9NR914 

9MR9  U 

ZINOO  1 4 

2-8 

3-64 

9NR91R 
ZIVOo  10 

9NR91R 
ZINOO  I  0 

z-o 

7-999 
J-ZZZ 

9NR9.1R 

9NR91R 
ZINOo  I  0 

9-R 

z-o 

9-999 

o-zzz 

9NR917 
ZIVOo  1  / 

9MR917 
ZINOO  1  / 

9-8 
Z-o 

9.999 
J-ZZZ 

2N6318 

2N6318 

2-8 

9-999 
o-zzz 

2N6322 

M  I1001R 
IVI J  I  UU  I  0 

9-fi 

0-0  J  Z 

2N6323 

MJ10015 

2-6 

3532 

2N6324 

MJ10015 

2-6 

3-832 

2N6325 

MJ10015 

2-6 

3«2 

9MR99R 
ZIN00Z0 

9MR99R 
ZINOOZO 

Z-O 

9MR997 
ZIVOjZ/ 

9MR997 
ZINOOZ/ 

1  R 
Z-O 

9MR99A 
ZINOOZo 

9MR99R 
Zl\00ZO 

9.R 

9NR99Q 

9WR99Q 

zwoozy 

9  R 

z-o 

9WR990 

9WR99n 
ZIN00OU 

9  R 
Z-O 

9MR991 
ZIVOJo  1 

9MR991 
ZlNOOO  1 

Z-O 

9MR99R 

9MR99R 
ZlNOOOO 

2N6338JAN 

2N6338JAN 

2-5 

3-226 

2N6338JTX 

2N6338JTX 

2-5 

3-226 

2N6338JTXV 

2N6338JTXV 

2-5 

3-226 

9  mr  no 

9MR99Q 

9  R 

z-o 

J-zzo 

ZIN004U 

ZIN004U 

9  R 
Z-O 

"5  00R 

J-zzo 

ZINDO't  I 

ZIND04  1 

0  R 
Z-J 

J-ZZU 

9MR9/i1 |  A  M 

9MR941  |AM 
ZIN004  1  JrtlN 

9  R 

z-o 

T  99fi 
J-zzO 

9MR9/11  ITY 
ZIN0o*l  IJ  I A 

9MRO/I1  ITV 
ZIN004  IJ  1 A 

9  R 

z-o 

O-ZZO 

9MR9/11  |TY\/ 
ZINOJ*+  IJ  I  AV 

9  MR  9/n  ITyy 
ZlNOOO  1 J  1  AV 

9  R 

z-o 

T  99ft 
o-ZZO 

9NR9Ril 

ztvujoy 

z-o 

9  99R 
j-ZZO 

2N6355 

2N6057 

24 

3-172 

2N6356 

2N6057 

2-4 

3-172 

2N6357 

2N6058 

24 

3-172 

2N6358 

2N6058 

24 

3-172 

2N6359 

2N5885 

2-5 

3-147 

2N6371 

2N6569 

24 

3-280 

2N6372 

2N6316 

■ 

3-222 

2N6373 

2N6315 

H 

3-222 

2N6374 

2N6315 

2-8 

3-222 

2N6377 

2N6377 

2-6 

3-229 

*  Consult  factory  if  a  direct  replacement  is  necessary. 

*  To  be  introduced.  Contact  factory  for  Data  Sheet 
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2N6378 

2N6378 

2-6 

3-229 

2N6378JAN 

2N6378JAN 

2-6 

3-229 

2N6378JTX 

2N6378JTX 

2-6 

3-229 

2N6378JTXV 

2N6378JTXV 

2-6 

3-229 

2N6379 

2N6379 

2-6 

3-229 

2N6379JAN 

2N6379JAN 

2-6 

3-229 

2N6379JTX 

2N6379JTX 

2-6 

3-229 

2N6379JTXV 

2N6379JTXV 

2-6 

3-229 

2N6380 

2N6377 

2-6 

3-229 

2N6381 

7N6378 

2-6 

3-229 

2N6382 

2N6379 

2-6 

3-229 

2N6383 

2N6383 

2-3 

3-233 

2N6383JAN 

2N6383JAN 

2-3 

3-233 

2N6383JTX 

L 1  IUOUvJJ  1  A 

2N6383  ITX 

2-3 

3-233 

2N6383  ITXV 

t.l>IUOUO\J  1  AV 

ilNUOOOJ  1  AV 

9-9  y\ 
0  coo 

2N6384 

2N6384 

2-3 

3-233 

2NR384  IAN 

LA  VLrOUHJMI  V 

2Nfi^84  IAN 

£1  "mOOt  J /-ill 

OA 
z-o 

9-999 

2N6384JTX 

2N6384JTX 

2-3 

3-233 

2N6348JTXV 

2N6348JTXV 

2-3 

3-233 

2N6385 

2N638ti 

2-3 

3-233 

2N6385JAN 

2N6385JAN 

2-3 

3-233 

2N6385JTX 

2N6385JTX 

2-3 

3-233 

2NI6385JTXV 

2N6385JTXV 

2-3 

3-233 

2N6386 

2N6386 

2-19 

3-237 

2N6387 

7N6387 

2-19 

9-997 

2N638R 

L 1  »UJUU 

2-20 

9-997 
O  zo/ 

2N6406 

MJE171 

2-10 

9-1 0Q9 

2N6407 

MJE172 

2-10 

9-1 0Q9 

2N6408 

i.  ny*TtAJ 

MIF181* 

IVIJL  1  O  1 

2-10 

3-1092 

IVIJl  1  oz 

Z  IU 

9  mo,9 

2N6410 

MJE200* 

2-10 

3-1096 

2N6411 

MJE210 

2-10 

3-1096 

2N6412 

MJE180 

2-9 

3-1092 

2N6413 

IVIJC  (0  1 

9  in 
z-iu 

9.1  no.9 
o~  1  uyz 

2N6414 

IVIJC  I  /u 

9  Q 

z-y 

9_1AQ9 

J- 1  uyz 

2N6415 

MJE171 

9  m 
z-ju 

9-1 109 
o-i  lUZ 

9NR41R 

M  IF9/19 

9  in 
z-iu 

9  1 1fl9 
J- 1  IUZ 

2N6417 

IVI  J  LZ*to 

9  m 
z- 1  u 

9.1 109 
JH  IUZ 

2N6418 

M  IF9R9 
IVIJLZOO 

9  m 
z- 1  u 

9_1 109 
O-l  IUZ 

2N6419 

M  IF9R^ 
IVIJCZOJ 

9  in 

9  1 109 
J- 1  IUZ 

2N6420 

2N6420 

2-8 

3-20 

2N6421 

2N6421 

2-8 

3-20 

2N6422 

2N6422 

2-8 

3-20 

9MR/99 

9MR/I9O 

ZIN04ZO 

z-o 

9  on 

9  MR/19/1 

9MR/I9/ 
ZIN04Z4 

z-o 

9  97 

9MR/19R 

ZlVU'+ZO 

9MR/19R 
ZI^ID^ZO 

9_Q 

z-o 

9  97 
0-0/ 

9MRzl^fi 

9MR49R 

9  R 

z-o 

9  9/1 1 

2N6437 

ZIW+O  / 

9  R 

z-o 

9  OA  1 
J-Z4 1 

9MR/197  I AM 

9Mfid?7  IAM 

9  R 

z-o 

0~Z4 1 

2NI6437  ITX 

9MR497  ITY 

Z-O 

9  9/11 

2N6437JTXV 

2N6437JTXV 

2-5 

3-241 

2N6438 

2N6438 

2-5 

3-241 

2N6438JAN 

2N6438JAN 

2-5 

3-241 

2N6438JTX 

2N6438JTX 

2-5 

3-241 

2N6438JTXV 

2N6438JTXV 

2-5 

3-241 

2N6465 

MJ3247 

2-8 

2N6466 

MJ3247 

2-8 

2N6467 

MJ3237 

2-8 

2N6468 

MJ3237 

2-8 

2M6469 

2N5879 

24 

3-154 

1 


-7 


INDEX-CROSS  REFERENCE  (Continued) 


Motorola 

Motorola 

Selector 

Data 

Industry 

Direct 

Similar 

Guide 

Sheet 

Dirt  MrnnkAp 

ran  Number 

Replacement 

Replacement 

Page 

Page 

2N6470 

2N5881 

24 

3-143 

2N6471 

2N5881 

2-4 

3-143 

2N6472 

2N5882 

24 

3-143 

ZIND4/0 

NJl/ 

2-18 

— 

zrvb4/4 

CT01  "7  A 

2-18 

— 

OMR/I  7C 

M4l  / 

2-18 

0MR/7R 
Zl\04/0 

FT417A 

2-18 

— 

IMRAll 
Z'N04/  / 

FT317A 

2-18 

— 

ZIN04/0 

FT317B 

2-18 

— 

ZIN040U 

ZND40D 

2-20 

3-245 

2N6487 

2N6487 

2-20 

3-245 

2N6488 

2N6488 

2-20 

3-245 

2N6489 

2N6489 

2-20 

3-245 

ZINb4yU 

2Nb4yU 

2-20 

3-245 

zND4y  1 

1MRd01 
ZNo4y 1 

2-20 

3-245 

0MR/IQ9 

ZlNb4yz 

ZNbUbb 

2-3 

3-176 

2Nb0bb 

2-3 

3-176 

zNb4y4 

2NbUbb 

2-3 

3-176 

0MC/1OE 

TMC11  C 

2Nb3lb 

2-8 

3-222 

/Nb4y4 

2N6339 

2-5 

3-226 

2N6497 

2N6497 

2-18 

3-249 

2N6498 

2N6498 

2-18 

3-249 

2N6499 

2N6499 

2-18 

3-249 

ZNbbUU 

2Nb430 

2-8 

3-114 

zNbb  lu 

zNboUb 

2-3 

3-218 

zNbbl I 

2Nb30b 

2-3 

3-218 

zNbblz 

2N6544 

2-3 

3-259 

zNbbl  J 

2N6545 

2-3 

3-259 

2N6514 

2N6644 

2-3 

3-259 

1  Metro  A 

2N6530 

TIP101 

2-19 

3-1274 

2N6531 

TIP102 

2-19 

3-1274 

2N6532 

TIP102 

2-19 

3-1 274 

2N6534 

2N6301 

2-8 

3-1274 

2N6535 

TIP102 

2-19 

3-1274 

2NODJ6 

TIP102 

2-19 

3-1274 

2N6542 

nfc  \rr  a*i 

2N6542 

2-2 

3-253 

2N6543 

2N6543 

2-2 

3-253 

2N6544 

2N6544 

2-3 

3-259 

2N6545 

2N6545 

2-3 

3-259 

zNbb4o 

2N6546 

24 

3-263 

2N6546JAN 

2N6546JAN 

24 

3-263 

2N6546JTX 

2N6546JTX 

24 

3-263 

2N6547 

2N6547 

24 

3-263 

2N6547JAN 

2N6547JAN 

24 

3-263 

iki^r"  a~i  itv 

2N6547JTX 

2N6547JTX 

24 

3-263 

2N6548 

OMf^r  An 

2N6548 

2-14 

3-267 

2N6549 

2N6549 

2-14 

3-267 

2N6551 

2N6551 

2-13 

3-270 

2N6552 

2N6552 

2-14 

3-270 

2N6553 

2N6553 

2-14 

3-270 

2N6554 

2N6554 

2-13 

3-274 

2N6555 

2N6555 

2-14 

3-274 

2N6556 

2N6556 

2-14 

3-274 

2N6557 

2N6557 

2-13 

3-277 

2N6558 

2N6558 

2-13 

3-277 

2N6559 

2N6559 

2-13 

3-277 

2N6569 

2N6569 

2-14 

3-280 

2N6573 

2N6546 

24 

3-263 

2N6574 

2N6546 

24 

3-263 

2N6575 

2N6547 

24 

3-263 

*  Consult  factory  if  a  direct  replacement  is  necessary. 

•  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2N6576 

2N6576 

24 

3-284 

2N6577 

2N6577 

24 

3-284 

2N6578 

2N6578 

24 

3-284 

2N6579 

MJ13080 

2-3 

3-978 

2N6580 

MJ13080 

2-3 

3-978 

2N6581 

MJ16004 

2-2 

3-1030 

2N6582 

MJ13080 

2-3 

3-978 

2N6583 

MJ13080 

2-3 

3-978 

2N6584 

MJ16008 

2-31 

3-1045 

2N6591 

2N6591 

2-13 

3-287 

2N6592 

2NI6592 

2-13 

3-287 

2N6593 

2N6593 

2-13 

3-287 

2N6594 

2N6594 

24 

3-291 

2N6609 

2N6609 

24 

3-52 

2N6648 

2N6648 

2-3 

3-233 

2N6648JAN 

2N6648JAN 

2-3 

3-233 

2N6648JTX 

2N6648JTX 

2-3 

3-233 

2N6648JTXV 

2N6648JTXV 

2-3 

3-233 

2N6649 

2N6649 

2-3 

3-233 

2N6649JAN 

2N6649JAN 

2-3 

3-233 

2N6649JTX 

2N6649JTX 

2-3 

3-233 

2N6649JTXV 

2N6649JTXV 

2-3 

3-233 

2N6650 

2N6650 

2-3 

3-233 

2N6650JAN 

2N6650JAN 

2-3 

3-233 

2N6650JTX 

2N6650JTX 

2-3 

3-233 

2N6650JTXV 

2N6650JTXV 

2-3 

3-233 

2N6653 

MJ13332 

2-5 

3-993 

2N6654 

MJ13332 

2-5 

3-993 

2N6655 

MJ13333 

2-5 

3-993 

2N6666 

2N6666 

2-19 

3-295 

2N6667 

2N6667 

2-19 

3-295 

2N6668 

2N6668 

9-9fl 

2N6669 

MJE15028 

2-19 

2N6671 

2N6544 

2-3 

2N6672 

MJ13080 

2-3 

3-969 

2N6673 

MJ13080 

2-3 

3-969 

2N6674 

MJ13090 

24 

3-969 

2N6675 

MJ13090 

24 

3-969 

2N6676 

2N6676 

24 

3-299 

2N6677 

2N6677 

24 

3-299 

2N6678 

2N6678 

24 

3-299 

2N6833 

2N6833 

3-303 

2N6834 

2N6834 

2-2 

3-303 

2N6835 

2N6835 

2-3 

3-311 

2N6836 

2N6836 

24 

3-318 

2N6837 

2N6837 

2-5 

3-325 

2SA483 

2N6420 

2 

8 

3-20 

2SA489 

2N6126 

2-18 

3-185 

2SA490 

2N6125 

2-18 

3-185 

2SA496 

2N4918 

2 

9 

3-78 

2SA505 

2N6420 

2 

S 

3-78 

2SA566 

2N6420 

2 

8 

3-20 

2SA613 

2N4899 

2-8 

3-189 

2SA614 

2N4900 

2-8 

3-133 

2SA616 

2N3741 

2-8 

341 

2SA623 

D41E1 

2-14 

3-706 

2SA624 

D41E5 

2-14 

3-706 

2SA626 

2N6226 

2-2 

3-133 

2SA627 

2N6226 

2-2 

3-133 

2SA633 

D41E1 

2-14 

3-706 

1-8 
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2SA634 

D41E5 

2-14 

3-706 

ZOMOOO 

Z- 1 0 

^  709 
0  1  ML 

2SA636 

2N6556 

2-14 

3-274 

2SA645 

D41D10 

2-13 

3-702 

2SA646 

2N6556 

2-14 

3-274 

2SA647 

2N6556 

2-14 

3-274 

2SA648 

2N6230 

2-3 

3-122 

2SA652 

2N6420 

2-8 

3-20 

2SA653 

2N6420 

2-8 

3-20 

2SA656 

2N6228 

2-2 

3-133 

2SA657 

2N6226 

2-2 

3-133 

2SA658 

9NR99R 
ZINDZZO 

9  9 
Z"Z 

J- 1  JO 

2SA663 

2N6226 

2-2 

3-133 

2SA670 

2N6125 

2-18 

3-185 

2SA671 

2N6125 

2-18 

3-185 

2SA679 

MJ15016 

24 

3-9 

2SA680 

2N5880 

2-4 

3-143 

2SA681 

MJE253 

2-10 

3-1102 

2SA682 

MJE253 

2-10 

3-1102 

2SA698 

MDS60 

2-13 

3-734 

2SA699 

D41E5 

2-14 

3-706 

2SA700 

TiPin 

1  IroU 

O- 1 ZOO 

2SA703 

D41E1 

2-14 

3-706 

2SA706 

MPSU55 

2-12 

3-1245 

2SA714 

2N6228 

2-2 

3-133 

2SA715 

MJE170 

2-9 

3-1092 

2SA738 

MJE170 

2-3 

3-762 

2SA739 

MJ6502 

2-3 

3-762 

2SA755 

2N6125 

2-18 

3-185 

2SA756 

2N6226 

2-2 

3-133 

2SA757 

2N6227 

%l 

3-133 

2SA758 

9MR99Q 
ZINoZZo 

L-l 

J- 1  JO 

2SA762 

2N6211 

2-8 

3-195 

2SA764 

2N6317 

2-8 

3-222 

2SA765 

2N6318 

2-8 

3-222 

2SA766 

2N6420 

2-8 

3-20 

2SA768 

2N6125 

2-18 

3-185 

2SA769 

2N6126 

2-18 

3-185 

2SA770 

2N6109 

2-19 

3-182 

2SA771 

2N6107 

2-19 

3-182 

2SA775 

TIP30C 

2-17 

3-1256 

2SA779 

ZIW3  1 0 

2-9 

0-/0 

2SA780 

2N4919 

2-9 

3-78 

2SA794 

MJE253 

2-10 

3-1102 

2SA795 

MJE253 

2-10 

3-1102 

2SA807 

2N3789 

2-3 

3-56 

2SA808 

2N3790 

2-3 

3-56 

2SA814 

TIP30C 

2-17 

3-1256 

2SA815 

TIP30C 

2-17 

3-1256 

2SA816 

TIP30B 

2-17 

3-1256 

2SA818 

MPSU60 

2-12 

3-1249 

2SA835 

MPSU60 

2-12 

3-1249 

2SA837 

2N6226 

2-2 

3-133 

2SA839 

TIP32C 

2-17 

3-1256 

2SA843 

MJE15031 

2-31 

3-1208 

2SA861 

MPSU51 

2-12 

3-1241 

2SA877 

2N5976 

2-3 

3-140 

2SA878 

2N6230 

2-3 

3-122 

2SA882 

2N6231 

2-3 

3-122 

2SA887 

D41E7 

2-14 

3-706 

*  Consult  factory  it  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2SA897 

MPSU55 

2-12 

3-1245 

2SA898 

M 1F350 

2-9 

3-1112 

2SA899 

MJE350 

2-9 

3-1112 

2SA900 

MJE210 

2-10 

3-1096 

2SA907 

MJ15016 

2-4 

3-9 

2SA908 

MJ15002 

2-4 

3-1012 

2SA909 

MJ 15023 

2-4 

3-1023 

2SA922 

2N4918 

2-9 

3-78 

2SA939 

MJE350 

2-9 

3-1112 

2SA940 

MJE15031 

2-19 

3-1208 

2SA949 

MJE15031 

2-19 

3-1208 

2SA957 

IVUL  1  QUO  1 

9  1Q 

J- 1 ZUO 

2SA958 

MJE15031 

2-19 

3-1208 

2SA962 

MPSU55 

2-12 

3-1141 

2SA963 

MJE171 

2-10 

3-1092 

2SA965 

MJE15029 

2-19 

3-1208 

2SA966 

TIP32 

2-17 

3-1256 

2SA968 

MJE15031 

2-19 

3-1208 

2SA969 

MJ3238 

2-8 

3-752 

2SA971 

2N6609 

24 

3-52 

2SA980 

2N6229 

2-3 

3-122 

2SA981 

9MR99n 
ziiozou 

9  ^ 

^199 

2SA982 

2N6231 

2-3 

3-122 

2SA1001 

2N6438 

2-5 

3-241 

2SA1002 

2N6438 

2-5 

3-241 

2SA1003 

2N6438 

2-5 

3-241 

2SA1007 

2N6231 

2-3 

3-122 

2SA1008 

TIP32C 

2-17 

3-1256 

2SA1010 

TIP42C 

2-18 

3-1256 

2SA1011 

MJE15031 

2-19 

3-1208 

2SA1012 

TIP42A 

2-18 

3-1266 

2SA1020 

TIPQ9 
IroZ 

9  17 

1  1  ORG 

o- 1  ZOO 

2SA1040 

2N6438 

2-8 

3-241 

2SA1041 

2N6438 

2-8 

3-241 

2SA1042 

2N6436 

2-8 

3-241 

2SA1043 

2N6438 

2-8 

3-241 

2SA1044 

2N6436 

2-8 

3-241 

2SA1045 

2N6052 

24 

3-172 

2SA1046 

2N6052 

24 

3-172 

2SA1063 

2N6228 

2-2 

3-133 

2SA1064 

2N6231 

2-3 

3-122 

2SA1065 

9MR991 
ZNOZO  1 

z-o 

3-122 

2SA1067 

2N6230 

2-3 

3-122 

2SA1068 

2N6231 

2-3 

3-122 

2SA1069 

TIP42B 

2-18 

3-1266 

2SA1110 

MJE350 

2-9 

3-1112 

2SA1111 

MJE15031 

2-19 

3-1208 

2SA1112 

MJE15031 

2-19 

3-1208 

2SB502 

2N3741 

2-8 

341 

2SB503 

2N3741 

2-8 

341 

2SB506 

2N6228 

2-2 

3-133 

2SB507 

2N6125 

2-18 

3-185 

2SB509 

2N6126 

2-18 

3-185 

2SB511 

TIP32 

2-17 

3-1256 

2SB513 

2N6126 

2-18 

3-185 

2SB514 

TIP32A 

2-17 

3-1256 

2SB515 

TIP32A 

2-17 

3-1256 

2SB518 

2N6226 

2-2 

3-133 

2SB519 

2N6227 

2-2 

3-133 

2SB520 

2N6228 

2-2 

3-133 

1-9 
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2SB52' 

TIP42A 

2-18 

3-1266 

2SB522 

TIP42A 

2-18 

3-1266 

2SB523 

2N5193 

2-10 

3-94 

2SB524 

2N5194 

2-10 

3-94 

2SB526 

2N4920 

2-9 

3-78 

2SB527 

2N4920 

2-9 

3-78 

2SB528 

2N4920 

2-9 

3-78 

2SB529 

2N5193 

2-10 

3-94 

2SB530 

2N6230 

2-3 

3-122 

2SB531 

2N6226 

2-2 

3-133 

2SB532 

2N6226 

2-2 

3-133 

2SB536 

2N6126 

2-18 

3-185 

2SB537 

2N6126 

2-18 

3-185 

2SB539 

2N6231 

2-3 

3-122 

2SB541 

2N6230 

2-3 

3-122 

2SB546 

MJE15031 

2-19 

3-1208 

2SB547 

MJE15031 

2-19 

3-1208 

2SB548 

2N4920 

2-9 

3-78 

2SB549 

2N4920 

2-9 

3-78 

2SB552 

MJ15023 

24 

3-1023 

2SB554 

MJ15023 

24 

3-1023 

2SB555 

MJ15012 

2-2 

3-1018 

2SB556 

MJ15012 

2-2 

3-1018 

2SB557 

2N6230 

2-3 

3-122 

2SB558 

2N6229 

2-3 

3-122 

2SB559 

2N4918 

2-9 

3-78 

2SB565 

2N6125 

2-18 

3-185 

2SB566 

2N6126 

2-18 

3-186 

2SB567 

MJE15031 

2-19 

3-1218 

2SB568 

MJE15031 

2-19 

3-1218 

2SB569 

MJE3310 

2-10 

3-1134 

2SB570 

MJE3311 

2-10 

3-1134 

2SB571 

MJE3312 

2-10 

3-1134 

2SB572 

2N5193 

2-10 

3-94 

2SB573 

2N5194 

2-10 

3-94 

2SB574 

2N5195 

2-10 

3-94 

2SB575 

2N5193 

2-10 

3-94 

2SB576 

2N5194 

2-10 

3-94 

2SB577 

2N5195 

2-10 

3-94 

2SB578 

MJE2955 

2-11 

3-1132 

2SB579 

2N5975 

2-11 

3-151 

2SB580 

2N5976 

2-11 

3-151 

2SB581 

2N5976 

2-11 

3-151 

2SB582 

MJE6040 

2-11 

3-165 

2SB583 

MJE6041 

2-11 

3-165 

2SB584 

MJE6042 

2-11 

3-165 

2SB585 

2N6053 

2-3 

3-176 

2SB586 

2N6054 

2-3 

3-176 

2SB587 

2N6050 

2-3 

3-172 

2SB588 

2N6051 

2-3 

3-172 

2SB589 

2N6052 

2-18 

3-1266 

2SB595 

TIP42C 

2-18 

3-1266 

2SB596 

2N6126 

2-18 

3-185 

2SB600 

MJ15012 

2-2 

3-1018 

2SB604 

2N6126 

2-18 

3-185 

2SB628 

MJE15031 

2-19 

3-1208 

2SB630 

MJE15031 

2-19 

3-1208 

2SB631 

2N4920 

2-9 

3-78 

2SB632 

2N4918 

2-9 

3-78 

2SB633 

TIP42C 

2-18 

3-1266 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2SB648 



MJE350 

2-9 

3-1112 

2SB649 

MJE350 

2-9 

3-1112 

2SB653 

2N6227 

2-2 

3-133 

2SB654 

2N6227 

2-2 

3-133 

2SB655 

MJ15002 

24 

3-1012 

2SB656 

MJ 15002 

24 

3-1012 

2SB668 

TIP32A 

2-17 

3-1256 

2SB669 

TIP32B 

2-17 

3-1256 

2SB673 

2N6042 

2-19 

3-165 

2SB674 

2N6041 

2-19 

3-165 

2SB675 

2N6040 

2-19 

3-165 

2SB676 

TIP127 

2-18 

3-1281 

2SB677 

TIP125 

2-18 

3-1281 

2SB679 

Tim  17 

2-17 

3-1278 

2SB681 

MJ15002 

24 

3-1012 

2SB689 

TIP42C 

2-18 

3-1266 

2SB690 

TIP42C 

2-18 

3-1266 

2SB691 

MJE4352 

2-15 

3-1138 

2SB692 

MJE4352 

2-15 

3-1138 

2SB693 

2N6287 

2-5 

3-209 

2SB694 

MJ11015 

2-6 

3-931 

2SB695 

MJE4352 

2-15 

3-1138 

2SB696 

2N6231 

2-3 

3-122 

2SB697 

MJ15002 

24 

3-1012 

2SB707 

2N6107 

2-19 

3-182 

2SB708 

2N6107 

2-19 

3-182 

2SB711 

2N6041 

2-19 

3-165 

2SB712 

2N6042 

2-19 

3-165 

2SB713 

MJE4352 

2-15 

3-1138 

2SB717 

MJE350 

2-9 

3-1112 

2SB718 

MJE350 

2-9 

3-1112 

2SB719 

MJE15031 

2-19 

3-1208 

2SB720 

MJE15031 

2-19 

3-1208 

2SB722 

MJ15002 

24 

3-1012 

2SB723 

MJ15023 

24 

3-1023 

2SB724 

TIP32A 

2-17 

3-1256 

2SB727 

MJE15029 

2-19 

3-1208 

2SB743 

MJE170 

2-9 

3-1091 

2SB744 

MJE172 

2-10 

3-1091 

2SB750 

TIP! 15 

2-17 

3-1278 

2SB751 

MJE703T 

2-18 

3-1120 

2SB753 

TIP42C 

2-18 

3-1266 

2SB754 

2N6109 

2-19 

3-182 

2SB772 

MJE170 

2-10 

3-1092 

2SC41 

MJ410 

2-2 

3-738 

2SC42 

MJ410 

2-2 

3-738 

2SC42A 

MJ410 

2-2 

3-738 

2SC43 

2N4347 

2-2 

3-15 

2SC44 

2N4347 

2-2 

3-15 

2SC101 

2N5050 

2-8 

3-88 

2SC161 

2N3447 

2-3 

3-18 

2SC240 

2N4347 

2-2 

3-15 

2SC241 

2N3447 

2-3 

3-18 

2SC242 

2N4347 

2-2 

3-15 

2SC243 

MJ410 

2-2 

3-738 

2SC244 

2N3447 

2-3 

3-18 

2SC245 

2N4347 

2-2 

3-15 

2SC246 

MJ410 

2-2 

3-738 

2SC270 

MJ411 

2-2 

3-738 

2SC407 

MJ15011 

2-2 

3-1018 

1-10 
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2SC408 

MJ15011 

24 

3-1018 

2SC409 

2N6249 

2-4 

3-201 

2SC410 

2N6249 

2-4 

3-201 

2SC411 

2N6546 

24 

3-263 

2SC412 

2N6546 

24 

3-263 

2SC431 

2N6341 

2-5 

3-226 

2SC432 

2N6341 

2-5 

3-226 

2SC433 

MJ15022 

24 

3-1020 

2SC434 

MJ 15022 

24 

3-1020 

2SC435 

MJ10000 

2-5 

3-781 

2SC436 

MJ10000 

2-5 

3-790 

2SC483 

2N3583 

2-8 

3-20 

2SC487 

2N3583 

2-8 

3-20 

2SC488 

2N6233 

2-8 

3-198 

2SC489 

2N3441 

2-8 

3-13 

2SC490 

2N3766 

2-8 

344 

2SC491 

2N5050 

2-8 

3-88 

2SC492 

2N4347 

2-2 

3-15 

2SC493 

2N4347 

2-2 

3-15 

2SC494 

2N3447 

2-3 

3-18 

2SC49B 

2N4923 

2-9 

3-82 

2SC496 

2N4921 

2-9 

3-82 

2SC508 

2N6233 

2-8 

3-198 

2SC515 

2N3739 

2-8 

3-37 

2SC518 

2N3448 

2-3 

3-18 

2SC518A 

2N3448 

2-3 

3-18 

2SC519 

2N5759 

2-2 

3-133 

2SC519A 

2N5760 

2-2 

3-133 

2SC520 

2N3448 

2-3 

3-18 

2SC520A 

2N3448 

2-3 

3-18 

2SC521 

2N3447 

2-3 

3-18 

I  H 

7  1ft 

2SC558 

MJ3029 

2-2 

3-748 

2SC582 

2N3739 

2-8 

3-37 

2SC586 

MJ410 

2-2 

3-738 

2SC642 

BU204 

2-2 

3498 

2SC643 

BU204 

2-2 

3498 

2SC646 

2N3447 

2-3 

3-18 

2SC647 

2N3448 

2-3 

3-18 

2SC664 

2N5758 

2-2 

3-133 

2SC665 

2N5760 

2-2 

3-133 

2-3 

3-218 

2SC676 

2N6306 

2-3 

3-218 

2SC677 

2N6306 

2-3 

3-218 

2SC678 

2N6306 

2-3 

3-218 

2SC679 

2N3585 

2-8 

3-20 

2SC680 

2N5052 

2-8 

3-133 

2SC681 

MJ15011 

24 

3-1018 

2SC685 

2N3739 

2-8 

3-37 

2SC687 

MJ410 

2-2 

3-738 

2SC736 

2N4347 

2-2 

3-15 

2SC758 

2N6307 

2-3 

3-218 

2SC759 

2N6306 

2-3 

3-218 

2SC760 

2N6306 

2-3 

3-218 

2SC768 

2N3055 

24 

2SC769 

2N5633 

2-3 

3-122 

2SC770 

JM15011 

2-2 

3-1018 

2SC771 

MJ15011 

2-2 

3-1018 

2SC779 

2N3739 

2-8 

3-37 

2SC782 

2N3739 

2-8 

3-37 

*  Consult  factory  if  a  direct  replacement  is  necessary. 

*  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2SC783 

2N3738 

2-8 

3-37 

2SC789 

2N6123 

2-18 

3-185 

2SC790 

TIP31A 

2-17 

3-1256 

2SC791 

2N5050 

2-8 

3-88 

2SC792 

2N5840 

2-2 

3-137 

2SC793 

2N5758 

2-2 

3-133 

2SC794 

2N5758 

2-2 

3-133 

Traffic 

250795 

2N3739 

2-8 

3-37 

MJ431 

2-3 

3-740 

2bC807 

MJ413 

2-3 

3-740 

2SC808 

MJ411 

2-2 

3-738 

2SC825 

2N3585 

2-8 

3-20 

2SC833 

2N6235 

2-8 

3-198 

2SC840 

2N5050 

2-8 

3-88 

2SC840A 

2N5051 

2-8 

3-88 

2SC861 

MJ3029 

2-2 

3-748 

2SC862 

MJ3030 

2-2 

3-748 

2SC867 

2N3739 

2-8 

3-37 

2SC884 

2N5050 

2-8 

3-88 

2SC885 

2N6307 

2-3 

3-218 

2SC886 

2N6306 

2-3 

3-218 

2SC887 

MJ410 

2-2 

3-738 

2SC888 

MJ410 

2-2 

3-738 

2SC889 

MJ410 

2-2 

3-738 

2SC895 

2N3441 

2-8 

3-13 

2SC897 

2N5760 

2-2 

3-133 

2SC898 

2N5760 

2-2 

3-133 

2bC901 

2N6306 

2-3 

3-218 

2SC901A 

2N6306 

2-3 

3-218 

2SC902 

2N5634 

2-3 

3-122 

2SC931 

MJE205 

2-11 

3-1100 

2SC932 

2N5977 

2-11 

3-154 

2SC935 

2N5840 

2-2 

3-137 

2SC936 

BU204 

2-2 

3490 

2SC937 

BU204 

2-2 

3490 

2SC939 

MJ  15001 

24 

3-1012 

2SC940 

2N6249 

24 

3-201 

2SC961 

2N5759 

2-2 

3-133 

2SC962 

2N5758 

2-2 

3-133 

2SC981 

2N5430 

2-8 

3-114 

2SC999 

BU205 

2-2 

3490 

2SC1004 

BU204 

2-2 

3490 

2SC1004A 

BU205 

2-2 

3490 

2SC1005 

BU207 

2-2 

3495 

2SC1013 

MDS26 

2-14 

3-732 

2SC1014 

MDS27 

2-14 

3-732 

2SC1025 

2N6233 

2-8 

3-198 

2SC1030 

2N5760 

2-2 

3-133 

2SC1031 

2N3585 

2-8 

3-20 

2SC1034 

BU204 

2-2 

3490 

2SC1046 

BU207 

2-2 

3495 

2SC1050 

MJ411 

2-2 

3-738 

2SC1051 

2N5760 

2-2 

3-133 

2SC1055 

2N5430 

2-8 

3-114 

2SC1059 

2N3739 

2-8 

3-37 

2SC1060 

TIP31A 

2-17 

3-1256 

2SC1061 

TIP31A 

2-17 

3-1256 

2SC1078 

BU204 

2-2 

3490 

2SC1079 

MJ15001 

24 

3-1012 

2SC1080 

MJ15001 

24 

3-1012 

1-11 
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3-122 

2SC2492 

2N5634 

2-3 

3-122 

2SC2493 

2N5634 

2-3 

3-122 

2SC2500 

TIP31 

2-17 

3-1256 

2bC2516 

2N6497 

2-18 

3-249 

2bL2534 

MJE13003 

2-9 

3-1180 

zbtzboo 

f.  a  i  r  1  nnnc 

MJt 13005 

2-18 

3-1 1 80 

zblzbob 

2N6499 

2-18 

3-249 

2bC2541 

rTf\m  nt 

(10218] 

MJ  13091 

24 

3-984 

2iL2562 

TIP42A 

2-18 

3-1266 

2SC2569 

2N5760 

3-133 

2SC2590 

MJE341 

2-9 

3-1110 

2SD12 

2N5758 

2-2 

3-133 

2SD15 

2N5758 

2-2 

3-133 

2SD16 

2N5758 

2-2 

3-133 

2SD17 

2N5760 

2-2 

3-133 

2SD18 

MJ15011 

2-2 

3-1018 

2SD24 

2N3739 

2-8 

3-37 

2SD26 

2N5758 

2-2 

3-133 

2SD26A 

2N5758 

2-2 

3-133 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2SD26B 

2SD26C 

2SD28 

2SD29 

2SD041 

2SD45 

2SD46 

2SD47 

2SD49 

2SD50 

2N5758 
2N5760 
2N3767 
2N3767 
2N3716 
2N5760 
2N5760 
2N5758 
2N5050 
2N5758 

2-2 
2-2 
2-8 
2-8 
2-3 
2-2 
2-2 
2-2 
2-8 
2-2 

3-133 
3-133 
344 
344 
3-26 
3-133 
3-133 
3-133 
3-88 
3-133 

2SD51 
2SD52 
2SD53 
2SD55 
2SD56 
2SD57 
2SD58 
2SD60 
2SD67 
2SD68 

2N5758 
2N5758 
2N5759 
2N6328 
2N3738 
2N3766 
2N3766 
2N5760 
2N5759 
2N5758 

2-2 
2-2 
2-2 
2-6 
2-8 
2-8 
2-8 
2-2 
2-2 
2-2 

3-133 
3-133 
3-133 

3-37 
344 
344 
3-133 
3-133 
3-133 

2SD69 
2SD70 
2SD71 
2SD73 
2SD74 
2SD80 
2SD81 
2SD82 
2SD83 
2SD84 

2N5760 
2N3766 
2N5050 
2N5758 
2N5760 
2N5758 
2N5758 
2N5758 
2N5760 
MJ  15011 

2-2 
2-8 
2-8 
2-2 
2-2 
2-2 
2-2 
2-2 
2-2 
2-2 

3-133 
344 
3-88 
3-133 
3-133 
3-133 
3-133 
3-133 
3-133 
3-1018 

2SD88 

2SD90 

2SD91 

2SD92 

2SD93 

2SD94 

2SD102 

2SD103 

2SD107 

2SD108 

2N5758 
2N3766 
2N3766 
2N3583 
2N5051 
2N5052 
2N3583 
2N5050 
2N6056 
2N6056 

2-2 
2-8 
2-8 
2-8 
2-8 
2-8 
2-8 
2-8 
2-3 
2-3 

3-133 
344 
344 
3-20 
3-88 
3-88 
3-20 
3-88 
3-176 
3-176 

2SD110 
2SD111 
2SD113 
2SD114 
2SD116 
2SD117 
2SD118 
2SD119 
2SD124 
2SD124A 

2N5634 
2N5632 
MJ802 
2N5686 
2N5758 
2N5760 
2N5760 
2N5758 
2N5758 
2N5758 

2-3 
2-3 
2-6 
2-6 
2-2 
2-2 
2-2 
2-2 
2-2 
2-2 

3-122 
3-122 
3-733 
3-133 
3-133 
3-133 
3-133 
3-133 
3-133 
3-133 

2SD125 

2SD125A 

2SD126 

2SD129 

2SD130 

2SD131 

2SD132 

2SD138 

2SD139 

2SD141 

2N5758 
2N5758 
2N5760 
2N3767 
2N3766 
2N5758 
2N6338 
2N3738 
2N3739 
2N3766 

2-2 
2-2 
2-2 
2-8 
2-8 
2-2 

2-8 
2-8 
2-8 

3-133 
3-133 
3-133 

344 
3-133 
3-226 
3-37 
3-37 
344 

1-14 
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2SD142 

2N3766 

2-8 

3-44 

2SD143 

2N3767 

2-8 

344 

2SD144 

2N3767 

2-8 

344 

2SD146 

2N4912 

2-8 

344 

2SD147 

2N4912 

2-8 

3-75 

2SD148 

2N4912 

2-8 

3-75 

2SD150 

2N3583 

2-8 

3-20 

2SD151 

2N5632 

2-3 

3-122 

2SD152 

2N3583 

2-8 

3-20 

2SD154 

2N3767 

2-8 

344 

2SD155 

2N3767 

2-8 

344 

9N3738 

2-8 

3-37 

2SD157 

2N3739 

2-8 

3-37 

2SD158 

2N3738 

2-8 

3-37 

2SD159 

2N3739 

2-8 

3-37 

2SD161 

2N5633 

2-3 

3-122 

2SD163 

2N3715 

2-3 

3-26 

2SD164 

2N5632 

2-3 

3-122 

2SD165 

2N5634 

2-3 

3-122 

2SD166 

MJ15011 

2-2 

3-1018 

2SD168 

2IM6385 

2-3 

3-233 

2SD171 

2-2 

3-253 

2SD172 

2N5877 

2-3 

3-140 

2SD173 

2N5632 

2-3 

3-122 

2SD174 

2N5877 

2-3 

3-140 

2SD175 

2N5632 

2-3 

3-122 

2SD176 

2N5632 

2-3 

3-122 

2SD177 

2N5634 

2-3 

3-122 

2SD180 

2N5758 

2-2 

3-133 

2SD181 

MJ 15001 

2*2 

3-1018 

2SD188 

2N5758 

2-2 

3-133 

tLOU  I  03 

2-2 

o-i  OJ 

2SD189A 

2N5758 

2-2 

3-133 

2SD198 

2N5840 

2»2 

3-137 

2SD199 

BU204 

2-2 

3490 

2SD200 

BU204 

2-2 

3490 

2SD201 

2N5758 

2-2 

3-133 

2SD202 

2N5759 

2^2 

3-133 

2SD203 

2N5760 

2-2 

3-133 

2SD206 

2N5877 

2-3 

3-140 

2SD207 

2N5632 

2-3 

3-122 

9  1 

9  199 
J-l  ZZ 

2SD211 

2N5877 

2-3 

3-140 

2SD212 

2N5632 

2-3 

3-122 

2SD213 

2N5633 

m 

3-122 

2SD214 

2N5634 

2-3 

3-122 

2SD217 

2N5633 

2-3 

3-122 

2SD218 

2N5634 

2-3 

3-122 

2SD226 

2N3766 

2-8 

344 

2SD231 

2N5302 

2-5 

3-98 

2SD232 

2N6275 

2-6 

3-205 

2SD234 

TIP31A 

2-17 

3-1256 

2SD235 

TIP31A 

2-17 

3-1 256 

2SD236 

2N4912 

2-8 

3-75 

2SD237 

2N4912 

2-8 

3-75 

2SD238 

2N3583 

2-8 

3-20 

2SD241 

2N3766 

2-8 

344 

2SD242 

2N3767 

2-8 

344 

2SD243 

MJ3247 

2-8 

3-752 

2SD244 

MJ3248 

2-8 

3-752 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2SD246 

BU208 

2-2 

3495 

2SD247 

2N5758 

2-2 

3-133 

2SD249 

2N5302 

2-5 

3-98 

2SD250 

2N6328 

2-6 

— 

2SD251 

2N5052 

2-8 

3-88 

2SD254 

2N3767 

2-8 

344 

2SD255 

2N3767 

2-8 

344 

2SD256 

2N3766 

2-8 

344 

2SD257 

2N3767 

2-8 

344 

2SD258 

MJ3247 

2-8 

3-752 

2SD259 

MJ3248 

2-8 

3-752 

2SD260 

2N5758 

2-2 

3-133 

2SD262 

2N6546 

24 

3-263 

2SD265 

2N6545 

2-3 

3-259 

2SD266 

2N6545 

2-3 

3-259 

2SD271 

MJE13005 

2-18 

3-1180 

2SD272 

MJE13005 

2-18 

3-1180 

2SD273 

2N6545 

2-3 

3-259 

2SD274 

2N6545 

2-3 

3-259 

2SD283 

MJ3247 

2-8 

3-752 

2SD284 

MJ3247 

2-6 

3-752 

2SD285 

M  H947 

2-8 

3-752 

2SD286 

MJ15011 

2-2 

3-1018 

2SD287 

MJ15011 

2-2 

3-1018 

2SD288 

TIP31B 

2-17 

3-1256 

2SD289 

TIP31B 

2-17 

3-1256 

2SD290 

2N5428 

2-8 

3-114 

2SD291 

2N3767 

2-8 

344 

2SD292 

2N3767 

2-8 

344 

2SD293 

2N6547 

24 

3-263 

2SD294 

2N6547 

24 

3-263 

2SD295 

M 113335 

IVU  I  -JOO  J 

2-5 

3-1 002 

2SD296 

MJ13335 

2-5 

3-1002 

2SD297 

MJ3248 

2-8 

3-752 

2SD299 

MJ  12004 

2-2 

3-946 

2SD300 

MJ  12004 

2-2 

3-946 

2SD301 

2N6385 

2-3 

3-233 

2SD310 

2N6547 

24 

3-263 

2SD311 

2N6547 

24 

3-263 

2SD312 

2N6543 

2-2 

3-253 

2SD313 

TIP31A 

2-17 

3-1256 

2SD314 

TIP31A 

2-17 

o  I  Z  JU 

2SD315 

2N3766 

2-8 

344 

2SD316 

2N3716 

2-8 

3-26 

2SD317 

TIP31A 

2-17 

3-1256 

2SD318 

TIP31A 

2-17 

3-1256 

2SD319 

2N5633 

2-3 

3-122 

2SD320 

2N5840 

2-2 

3-137 

2SD321 

2N6306 

2-3 

3-218 

2SD322 

MJ4247 

2-3 

3-752 

2SD323 

MJ4248 

2-3 

3-752 

2SD324 

2N3739 

2-8 

3-37 

2SD326 

TIP31 

2-17 

3-1256 

2SD326 

2N3739 

2-8 

3-37 

2SD330 

TIP31A 

2-17 

3-1256 

2SD331 

TIP31A 

2-17 

3-1256 

2SD334 

2N5759 

2-2 

3-133 

2SD335 

2N5758 

2-2 

3-133 

2SD338 

2N5758 

2-2 

3-133 

2SD339 

2N5758 

2-2 

3-133 

1-15 
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2SD340 

MJ15015 

24 

3-9 

2SD341 

IC1J 1 50 1 5 

2-4 

3-9 

2SD342 

TIP31B 

2-17 

3-1256 

2SD343 

TIP31B 

2-17 

3-1256 

2SD344 

TIP31B 

2-17 

3-1256 

2SD345 

TIP31B 

2-17 

3-1256 

2SD346 

TIP41A 

2-18 

3-1266 

2SD347 

TIP41A 

2-18 

3-1266 

2SD348 

MJ12005 

2-2 

3-952 

MJ12004 

2-2 

3-946 

2SD351 

2N6545 

2-3 

3-259 

2SD353 

2NK838 

2-2 

3-137 

2SD356 

2N4923 

2-9 

3-82 

2SD357 

2N4923 

2-9 

3-82 

2SD358 

2N4923 

2-9 

3-82 

2bD359 

2N5190 

2-10 

3-90 

2SD360 

2N5190 
2N5191 

2-10 

3-90 

2SD361 

2-10 

3-90 

2SD363 

MJ10015 

2-6 

3-332 

2SD364 

MJ10016 

2-6 

3-832 

2SD365 

TIP31A 

2-17 

3-1256 

2SD366 

TIP31A 

2-17 

3-1256 

2SD368 

MJ12005 

2-2 

3-952 

2SD369 

2N3716 

2-3 

3-26 

2SD371 

2N5758 

2-2 

3-133 

2SD372 

MJ10015 

2-6 

3S32 

2SD373 

MJ10015 

2-6 

3-832 

2SD374 

MJ10016 

2-6 

3-832 

2SD375 

MJ 13330 

2-5 

3-996 

2SD376 

MJ13331 

2-5 

3-996 

2SD377 
2SD379 

MJ13334 

2-5 

3-1002 

2N575R 

L  1  i  J  /  JU 

2-2 

3-133 

2SD380 

MJ12005 

2-2 

3-952 

2SD381 

MJE 15030 

2-19 

3-1208 

2SD382 

MJE15030 

2-19 

3-1208 

2SD383 

MJ411 

2-2 

3-738 

2SD384 

2N6301 

2-8 

3-176 

2SD385 

2N6301 

2-S 

3-176 

2SD386 

MJE13004 

2-18 

3-1180 

2SD387 

MJE13004 

2-18 

3-1180 

2SD388 

MJ4247 

2-3 

3-752 

250389 

TIP31A 

2-17 

0  I  j:Ou 

2SD390 

TIP31A 

2-17 

3-1256 

2SD393 

MJ13091 

2-4 

3-984 

2SD394 

MJ13091 

24 

3-984 

2SD395 

MJ  13091 

24 

3-984 

2SD396 

2N6547 

24 

3-263 

2SD401 

TIP47 

2-18 

3-1266 

2SD402 

TIP47 

2-18 

3-1266 

2SD404 

TIP120 

2-18 

3-1281 

2SD414 

MJE341 

2-9 

3-1110 

2SD415 

MJE341 

2-9 

3-1110 

2SD416 

MJ12005 

2-2 

3-952 

2SD417 

2N6306 

2-3 

3-218 

2SD418 

MJ12005 

2-2 

3-952 

2SD422 

MJE13004 

2-18 

3-1180 

2SD423 

MJE13004 

2-18 

3-1180 

2SD424 

MJ  15001 
2N5634 

3-1012 

2SD425 

IS 

3-122 

2SD426 

2N6633 

2-3 

3-122 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2SD427 

2N5759 

2-2 

3-133 

2SD428 

2N5758 

2-2 

3-133 

2SD429 

2N6547 

24 

3-263 

zbL)4o0 

2N5759 

2-2 

3-133 

2bD43l 

2N5633 

2-3 

3-122 

2N5634 

2-3 

3-122 

2bD433 

MJ15011 

2-2 

3-1018 

2SD434 

MJ13330 

2-5 

3-996 

flf  n  a**ic 

2SD435 

MJ  13332 

2-5 

3-996 

opr>  tor1 

2SD436 

MJ13333 

2-5 

3-1002 

2SD437 

MJ13091 

24 

3-984 

2SD457 

MJ10015 

IV  IJ  1  \J\J  1  -J 

2-6 

J-OOZ 

2SD458 

MJ13091 

24 

3-984 

2SD459 

TIP121 

2-18 

3-1281 

2SD460 

TIP122 

2-18 

3-1281 

25D461 

MJ411 

2-2 

3-738 

2SD463 

2N6056 

2-3 

3-176 

2SD464 

2N6056 

2-3 

3-176 

2SD475 

2N6122 

2-18 

3-185 

2SD476 

2N6123 

2-18 

3-185 

2SD478 

TIP47 

2-17 

3-1270 

2SD479 

2N6037 

2-10 

3-161 

2SD480 

2N6038 

2-10 

3-161 

2SD481 

2N6039 

2-10 

3-161 

2SD482 

2N5655 

2-9 

3-126 

2SD483 

2N5656 

2-9 

3-126 

2SD484 

2N5657 

2-9 

3-126 

2SD485 

2N5190 

2-10 

3-90 

25D486 

2N6191 

2-10 

3-90 

2SD487 

2N5192 

2-10 

3-90 

2SD488 

2N4921 

2-9 

3-82 

2SD489 

2N4922 

2SD490 

2N4923 

2-9 

3-82 

2SD491 

MJE3055 

2-11 

3-1132 

2SD492 

2N3055 

24 

3^ 

2SD493 

2N5977 

2-11 

3-154 

2SD494 

2N5978 

2-11 

3-154 

2SD495 

2N5979 

2-11 

3-154 

2SD496 

MJE6043 

2-11 

3-165 

2SD497 

MJE6044 

2-11 

3-165 

2SD498 

MJE6045 

2-11 

3-165 

2SD499 

IV1JLOUJJ 

9-1 1 

2SD500 

MJE3055 

2-11 

3-1132 

2SD501 

2N5991 

2-11 

3-157 

2SD502 

2N6055 

2-3 

3-176 

2SD503 

2N6056 

2-3 

3-176 

2SD504 

2N6057 

24 

3-172 

2SD505 

2N6058 

24 

3-172 

2N6059 

24 

3-172 

2SD517 

MJ12003 

2-30 

3-944 

2SD518 

MJE13004 

2-18 

3-1180 

2SD519 

MJ13015 

24 

3-966 

2SD522 

2N5632 

2-3 

3-122 

2SD523 

2N6055 

2-3 

3-176 

2SD524 

2N6056 

2-3 

3-176 

2SD525 

TIP41C 

2-18 

3-1266 

2SD526 

TIP41B 

2-18 

3-1266 

2SD531 

TIP41C 

2-18 

3-1266 

2SD533 

MJ423 

2-3 

3-740 

2SD538 

MJ  13091 

24 

3-984 
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2SD539 

MJ13015 

2-4 

3-966 

O^D^AA 

ZOUj'W 

TIP41C 

9  1ft 

^  19RR 
o  I  ZOO 

2S0552 

2N6250 

2-4 

3-201 

2SD553 

TIP41B 

2-18 

3-1266 

2SD554 

2N3584 

2-8 

3-20 

2SD555 

MJ13015 

24 

3-966 

2SD558 

MPSU07 

2-12 

3-1230 

2SD570 

2N6123 

2-18 

3-185 

2SD572 

MJ10013 

24 

3-826 

2SD573 

MJ10014 

24 

3-826 

2SD574 

MJ11016 

2-6 

3-832 

ZOUD/  / 

M  J  1 ZUW 

9  9 

"3  CMR 

2SD589 

MJ12005 

2-2 

3-952 

2SD597 

2N5758 

2-2 

3-133 

2SD598 

2N5759 

2-2 

3-133 

2SD600 

2N4923 

2-9 

3-82 

2SD604 

MJ3041 

2-3 

3-750 

2SD605 

MJ3042 

2-3 

3-750 

2SD606 

MJ10014 

24 

3-826 

2SD608 

TIP47 

2-18 

3-1270 

2SD610 

TIP47 

2-18 

3-1270 

ocnci  9 

MJtDzU 

z-y 

o- 1  zoo 

2SD613 

TIP41C 

2-18 

3-1266 

2SD622 

MJE130O5 

2-18 

3-1180 

2SD626 

MJ10012 

2-3 

3-822 

2S0627 

MJ12004 

2r2 

3-946 

2SD628 

2N6059 

24 

3-172 

2SD629 

2N6059 

24 

3-172 

2SD630 

2N5302 

2-5 

3-98 

2SD631 

2N5302 

2-5 

3-98 

2SD632 

2N5840 

2-2 

3-137 

TID1  99 

9  1  001 

2SD634 

TIP121 

2-18 

3-1281 

2SD635 

TIP120 

2-18 

3-1281 

2SD640 

2N6545 

24 

3-259 

2SD642 

MJ10016 

2-6 

3-832 

2SD643 

MJ10015 

2-6 

3-832 

2SD644 

MJ10016 

2-6 

3-832 

2SD645 

MJ10016 

2-6 

3-832 

2SD646 

MJ10016 

2-6 

3-832 

2SD649 

MJ12004 

2-2 

3-946 

1  0 

3-750 

2SD663 

MJ3042 

2-3 

3-750 

2SD665 

2N6249 

24 

3-201 

2SD668 

MJE344 

2-9 

3-1110 

2SD669 

MJE344 

2-9 

3-1110 

2SD670 

2N6578 

24 

3-284 

2SD672 

2N5840 

2-2 

3-137 

2SD673 

2N5759 

2-2 

3-133 

2SD674 

2N5759 

2-2 

3-133 

2SD675 

2N5760 

2-2 

3-133 

2SD676 

2N5760 

2-2 

3-133 

2SD677 

2-2 

2SD678 

TB1 10 

2-17 

3-1278 

2SD679 

Twin 

2-17 

3-1278 

2SD686 

TIP122 

2-17 

3-1281 

2SD687 

MJE800T 

2-18 

3-111 

2SD689 

TIP1 12 

2-17 

3-1278 

2SD690 

2N5428 

2-8 

3-114 

2SD691 

2N6301 

2-8 

3-176 
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2SD692 

2N6056 

2-3 

3-176 

2SD693 

m  iinni? 

1 VI J   UU  1  L 

2-3 

3-822 

2SD694 

MJ10015 

2-6 

3-832 

2SD695 

MJ10015 

2-6 

3-832 

2SD696 

MJ10015 

2-6 

3-832 

2SD702 

MJ10015 

2-6 

3532 

2SD703 

MJ10016 

2-6 

3-832 

2SD705 

MJ10012 

2-3 

3-822 

2SD706 

MJ10013 

24 

3-826 

2SD707 

MJ10013 

24 

3-826 

2SD708 

MJ10013 

24 

3-826 

2SD709 

IVIJOUt  I 

9.1 

2SD710 

MJ10004 

2-5 

3-802 

2SD716 

TIP41C 

2-18 

3-1266 

2SD717 

D44H10 

2-20 

3-725 

2SD718 

MJE 15028 

2-19 

3-1208 

2SD721 

2N6045 

2-19 

3-165 

2SD722 

2N6045 

2-19 

3-165 

2SD723 

TIP31C 

2-17 

3-1256 

2SD724 

MJE13004 

2-18 

3-1180 

2SD725 

MJ12005 

2-2 

3-952 

2SD726 

TIP31C 

9  17 

^  19RR 
o- 1  ZOO 

2SD727 

2N4347 

2-2 

3-32 

2SD728 

2N5760 

2-2 

3-133 

2SD729 

2N6284 

2-6 

3-209 

2SD731 

2N6306 

2-3 

3-176 

2SD732 

2N6306 

2-3 

3-176 

2S0733 

MJ15001 

24 

3-1012 

2SD748 

2N5838 

2-3 

3-137 

2SD749 

2N6543 

2-2 

3-253 

2SD751 

MJ423 

2-3 

3-740 

2SD752 

IvIJ  I OUU  I 

Z-4 

9  1  m  o 
o- I U !  1 

2SD753 

2N6249 

24 

3-201 

2SD757 

MJE3440 

2-9 

3-1136 

2SD758 

MJE3440 

2-9 

3-1136 

2SD759 

TIP47 

2-17 

3-1270 

2SD760 

TIP47 

2-17 

3-1270 

2SD761 

T1P47 

2-17 

3-1270 

2SD762 

TIP31A 

2-17 

3-1256 

2SD764 

MJ12002 

2-2 

3-939 

2SD765 

MJ12003 

2-30 

3344 

2SD766 

9M97QQ 

2-8 

3-37 

2SD768 

2N6045 

2-19 

3-165 

2SD793 

MJE180 

2-9 

3-1092 

2SD794 

MJE182 

2-10 

3-1092 

2SD797 

MJE802 

2-9 

3-111 

2SD800 

2N5840 

2-3 

3-137 

2SD801 

2N6545 

2-3 

3-259 

2SD802 

2N6545 

2-3 

3-259 

2SD803 

2N6059 

24 

3-172 

2SD805 

MJ10016 

2-6 

3532 

2SD811 

MJ12010 

24 

3-263 

2SD823 

MJE15030 

ivui_  i  juju 

2-19 

3-1128 

2SD836 

TIP110 

2-17 

3-1278 

2SD837 

TIP120 

2-18 

3-1281 

2SD839 

MJE800T 

2-18 

3-111 

*  Consult  factory  if  a  direct  replacement  is  necessary. 

*  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2SD840 

MJE802T 

2-18 

3-111 

2SD843 
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2-19 

3-1208 

2SD844 

2N6290 

2-19 

3-182 

2Nbb3o 

2-3 

3-122 

lbUo/2. 

zNb4yy 

2-18 

3-249 

zbDo/o 

2N3773 

2-4 

3-52 

ict\ot? 

Ibua/f 

2N3441 
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3-13 

zbUo/o 

ik  inner 

2N3055 
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3-6 

ichoqa 

TIP31A 

2-17 

3-1256 

ZbUoo/ 

MJE180 

2-17 

3-1092 

2SD903 

MJ12005 

2-2 

3-952 

2SD950 

MJ 12004 

2-2 

3-946 

2SD951 

MJ12004 

2-2 

3-946 

ti  A  i-i  inn  a 

MJ12004 

2-2 

3-946 

MJ  12005 

2-2 

3-952 

40250 

IK  1  A  11 A  A 

2N4231A 

2-8 

3-64 

4U2bl 

2Nb5f)9 

2-4 

3-280 

40310 

2N4231A 

2-8 

3-64 

4U312 

2N4232A 

2-8 

3-64 

40313 

2N4240 

2-8 

3-20 

40316 

2N4231A 

2-8 

3-64 

40318 

2N4240 

2-8 

3-20 

40322 

2N4240 

2-8 

3-20 

40324 

2N4231A 

2-8 

3-64 

40325 

2N6569 

24 

3-280 

40328 

Ikl  *  1  A  A 

2N4240 

2-8 

3-20 

40363 

2N5877 

2-3 

3-154 

40364 

2N4233A 

2-8 

3^4 

4U303 

2N5877 

2-3 

3-154 

40372 

2N3054 

2-8 

3-2 

40373 

2N3441 

2-8 

3-13 

40374 

2N3583 

2-8 

3-20 

40375 

2N5428 

2-8 

3-114 

40411 

MJ802 

2-6 

3-742 

40513 

MJE3055T 

2-11 

3-1132 

40514 

t  a  irmrrT 

MJE3055T 

2-11 

3-1132 

40542 

2N5978 

2-3 

3-154 

40543 

2N5978 

2-3 

3-154 

40613 

TIP31 

2-17 

3-1 256 

40618 

TIP31 

2-17 

3-1256 

40621 

TIP31 

2-17 

3-1256 

40622 

TIP31 

2-17 

3-1 256 

40624 

TIP41A 

2-18 

3-1266 

40627 

TIP41A 

2-18 

3-1266 

40629 

TIP31 

2-17 

3-1256 

40630 

TIP31 

2-17 

3-1256 

40631 

TIP31A 

2-17 

3-1256 

40632 

TIP41A 

2-18 

3-1 266 

40636 

2N5878 

2-3 

3-140 

40829 

ilk  ir«i  t  a 

2N6316 

2-8 

3-222 

40830 

2N6315 

2-8 

3-222 

40831 

2N6315 

2-8 

3-222 

40850 

2N4240 

2-8 

3-20 

40852 

2N6543 

2-2 

3-253 

40853 

2N6546 

2-4 

3-263 

40854 

2N6546 

24 

3-263 

40871 

TIP41C 

2-18 

3-1266 

40872 

TIP42C 

2-18 

3-1266 

40873 

TIP41B 

2-18 

3-1266 

40874 

TIP41B 

2-18 

3-1266 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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24 
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BD157 
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2-9 
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BUI  59 
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3-336 
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2N3055 
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BD131 
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3428 
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2-10 

3428 

BD135 

BD135 

— 
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BUI  39-16 
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BD138 

BD138 

— 
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nr\i  in  a  a 

BD138-10 

BD140-10 

2-9 
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Df"\1  ID  1  o 

BUI  38-16 

nni aft  1  a 

BD140-16 

2-9 

3-334 

Dr\i  in  n 

BD140-6 
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3-334 

BD139 

BD139 

— 
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3-332 

BD140 

BD140 

BD140 

BD180 

2-10 
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BD142 

2N3055 

24 

3-6 

BD142-4 

2N3055-6 

24 

38 

nr\i  ,1  a 

BD142-6 

2N3055-6 

24 

3-6 

BD142-7 

2N3055-7 

24 

38 

BD157 

BD157 

2-9 

3-336 

BD158 

BD158 

2-9 

3-336 

Dm  cn 
BUI  59 

BD159 

2-9 

3-336 

BD165 

BD165 

2-9 

3-338 

BD166 

BD166 

2-9 

3-340 

BD167 

BD167 

2-9 

3-338 

BD168 

BD168 

2-9 

3-340 

BD169 

BD169 

2-9 

3-338 

BD170 

BD170 

2-9 

3-340 

BD175 

BD175 

3-342 

BD175-10 

BD1 79-10 

2-10 

3-342 

BD175-16 

BD179-16 

2-10 

3-342 

BD17K 

BD179-6 

2-9 

3-342 

1-18 
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BD176 

BD176 

3-344 

RD17R-10 

BD180-10 

U  \J  1  UU  1  u 

2-10 

3-344 

BD176-16 

BD180-16 

2-10 

3-344 

BD176-6 

BD180-6 

2-9 

3-342 

BD177 

BD177 

— 

3-342 

BD177-10 

BD179-10 

2-10 

3-342 

BD177-16 

BD  179-1 6 

2-10 

3-342 

BD177-6 

BD179-6 

2-10 

3-342 

BD178 

BD178 

2-10 

3-344 

BD178-10 

BD1 80-10 

2-10 

3-344 

BD 178-6 

BD  180-6 

2-10 

3-344 

gp  179 

BD179 

2-10 

3-342 

BD180 

BD180 

2-10 

3-344 

BD185 

BD185 

2-10 

3-346 

BD186 

BD186 

2-10 

3-348 

BD187 

BD187 

2-10 

3-346 

BD189 

BD189 

2-10 

3-348 

BD190 

BD190 

2-10 

3-346 

BD196 

MJE3055 

2-11 

3-348 

BD196 

MJE2955 

2-11 

3-1132 

BD197 

MJE3055 

2-11 

3-1132 

BD198 

M  IF7955 

IVIJLZ.  D  J  J 

2-11 

3-1132 

BD199 

MJE3055 

2-11 

3-1132 

BD200 

MJE2955 

2-11 

3-1132 

BD201 

BD795 

2-18 

3-436 

BD202 

BD796 

2-18 

3438 

BD203 

BD797 

2-19 

3436 

BD204 

BD798 

2-19 

3438 

BD205 

BD205 

— 

3-350 

BD206 

BD206 

2-11 

3-352 

BD207 

BD207 

2-11 

3-350 

BD208 

9.11 

0  OOi 

BD220 

BD537 

2-18 

3418 

BD221 

BD533 

2-18 

3418 

BD222 

BD535 

2-18 

3418 

BD223 

BD538 

2-18 

3418 

BD224 

BD534 

2-18 

3418 

BD225 

BD536 

2-18 

3418 

BD226 

BD135 

— 

3-332 

BD227 

BD136 

- 

3-334 

BD228 

BD137 

3-332 

BD229 

BD138 

3-334 

BD230 

BD139 

— 

3-332 

BD231 

BD140 

— 

3-334 

BD232 

BD232 

2-9 

3-354 

BD233 

BD233 

2-9 

3-356 

BD234 

BD234 

2-9 

3-358 

BD235 

BD235 

2-9 

3-356 

BD236 

BD236 

2-9 

3-358 

BD237 

BD237 

2-9 

3-356 

BD238 

BD238 

2-9 

3-358 

BD239 

BD241 

2-17 

3-360 

BD239-4 

BD2414 

2-17 

3-360 

BD239-5 

BD241-5 

2-17 

3-360 

BD239-66 

BD241-66 

2-17 

3-360 

BD239A 

BD241A 

2-17 

3-360 

BD239A4 

BD241A4 

2-17 

3-360 

BD239A5 

BD241A5 

2-17 

3-360 

BD239A66 

BD241A66 

2-17 

3-360 

BD239B 

BD241B 

2-17 

3-360 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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BD239B4 

BD241B4 

2-17 

3-360 

BD239B5 

BD241B5 

2-17 

3-360 

BD239B66 

BD241B66 

2-17 

3-360 

BD241L 

2-17 

3-360 

BD239C4 

ono  a  1  a 

BD241L4 

2-17 

3-360 

BD239C5 

BD241C5 

2-17 

3-360 

BD239C66 

BD241C66 

2-17 

3-360 

BD240 

BD242 

2-15 

3-360 

BD2404 

BD2424 

2-15 

3-360 

Df^  A  A  A  c 

BD240-5 

BD242-5 

2-15 

3-360 

BD240-66 

BD242-66 

2-15 

3-360 

BD240A 

BD242A 

2-15 

3-360 

BD240A4 

BD242A4 

2-15 

3-360 

BD240A5 

BD242A5 

2-15 

3-360 

BD240A66 

BD242A66 

2-15 

3-360 

BD240B 

BD242B 

2-15 

3-360 

BD240B4 

BD242B4 

2-15 

3-360 

n  r\  a  a  ad  r 

BD240B5 

BD242B5 

2-15 

3-360 

BD240B66 

BD242B66 

2-15 

3-360 

BD240C 

BD242C 

2-15 

3-360 

BD240C4 

BD242C4 

2-15 

3-360 

BD240C5 

BD242C5 

2-15 

3-360 

BD240C66 

BD242C66 

2-15 

3-360 

BD241 

BD241 

2-15 

3-362 

BD241A 

BD241A 

2-15 

3-362 

BD241 B 

BD241B 

2-15 

3-362 

BD241C 

BD241C 

2-15 

3-362 

BD242 

BD242 

2-15 

3-362 

BD242A 

BD242A 

2-15 

3-362 

BD242B 

BD242B 

2-15 

3-362 

BD242C 

BD242C 

2-15 

3-362 

BD243 

BD243 

2-18 

3-366 

BD243A 

BD243A 

2-18 

3-366 

BD243B 

BD243B 

2-18 

3-366 

BD243C 

BD243C 

2-18 

3-366 

BD244 

BD244 

2-18 

3-366 

BD244A 

BD244A 

2-18 

3-366 

BD244B 

BD244B 

2-18 

3-366 

BD244C 

BD244C 

2-18 

3-366 

BD249 

BD249 

2-16 

— 

BD249A 

BD249A 

2-16 

BD249B 

BD249B 

2-16 

BD249C 

BD249C 

2-16 

— 

BD250 

BD250 

2-16 

— 

BD250A 

BD250A 

2-16 

— 

BD250B 

BD250B 

2-16 

— 

BD250C 

BD250C 

2-16 

— 

BD253 

2N6542 

2-2 

3-253 

BD253A 

2N6542 

2-2 

3-253 

BD253B 

2N6543 

2-2 

3-253 

BD253C 

BU326A 

2-2 

3-515 

BD268 

BDW45 

2-20 

3452 

BD268A 

BDW46 

2-20 

3452 

BD269 

BDW40 

2-20 

3452 

BD269A 

BDW41 

2-20 

3452 

BD262 

BD678 

2-10 

3424 

BD262A 

BD680 

2-10 

3424 

BD262B 

BD682 

2-10 

3424 

BD263 

BD677 

2-10 

3422 

BD263A 

BD679 

2-10 

3422 
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BD279 

BD412 
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Z"  14 
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BD280 
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7  7QQ 
0-000 

BD291 

BD243 

9  1R 

7  7fift 
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RH9Q9 

DUZ3Z 

RH9M 

DUZ44 
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DUZ40M 

7  1Q 
z-lo 

7  7CC 

o-ooO 

BD294 

BD244A 

2-18 

3-366 

BD295 

BD243B 

2-18 

3-366 

BD296 

BD244B 

2-18 

3-366 

BD301 

DUDOO 

7  1Q 

Z-lo 

7  A  1Q 
0-4 1 0 

DUOUZ 

DUD04 

7  10. 

z-lo 

7  J  10 
0-4 1 0 

DUOUO 

DUOOD 

9  1R 

Z-lo 

7  J 1 Q 
0-4  1 0 

DUOU^ 

RHR7fi 
DUOOO 

7  1 Q 
Z-lo 

7  A  1Q 
0-4  lb 

DUOU  I 

DU/3D 

7  10. 
Z-lo 

7  /!7fi 
0-400 

DUOUZ 

DU/30 

7  1fi 
Z-lo 

7/70. 
0-400 

DUOUO 

RH7Q7 

9  1Q 
Z-I3 

7  J  7ft 
0-400 

BD304 

B0798 

2-19 

3438 

BD306A 

BD785 

2-10 

3428 

BD306B 

BD785 

2-10 

3428 

bUoU/A 

DH7Q7 

dU/o/ 

2-10 

3428 

BUoU/b 

ou/o/ 

2-10 

3428 

DMi  1 
DUO  1  1 

7M771 R 

zlNo/  ID 

2-3 

3-370 

DUO  1 Z 

7M77Q1 

ziNo/y  1 

2-3 

3-370 

RH71 7 
DUO  lo 

7M771R 

zNo/  la 

7  7 

1-6 

3-26 

Rmi  / 

DUO  1 4 

7M77Q7 

zNo/yz 

2-3 

3-56 

DUO  J 

Rh7RQ 

buoOo 

3-373 

BD316 

BD369 

3-373 

BD329 

MJE200 

2-10 

3-1096 

BD337 

BDX33D 

2-19 

3458 

DUOOO 

DUA04U 

7  1Q 

z~iy 

0-4D0 

DUOOU 

y  IP9 1  n 

IVIJtZ  1  u 

7  m 
Z-IU 

j- 1  uyo 

DUOO  1 

RPiQQ7 
dU03/ 

2-19 

3444 

Duool 

RPiPQQ 

DUoyo 

2-19 

3446 

Rh777 

RhQQQ 

Kuoyy 

2-19 

3444 

□  Uoo4 

Dnonn 

2-19 

3446 

bUooD 

□uyu  i 

2-19 

3444 

BD336 

BD902 

2-19 

3446 

BD342 

2N3055 

2-4 

3-6 

BD343 

MJE2955 

24 

3-6 

BD344 

BD138 

3-334 

BD345 

BD137 

3-332 

BD346 

BD798 

2-19 

3438 

BD347 

B0797 

2-19 

3436 

BD348 

BD140 

3-334 

BD349 

BD139 

3-332 

BD361 

MJE200 

2-10 

3-1096 

*  Consult  factory  if  a  direct  replacement  is  necessary. 

*  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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BD361A 

MJE200 

2-10 

3-1096 

BD362 

MJE210 

2-10 

3-1096 

BD362A 

MJE210 

2-10 

3-1096 

DUO/0 

Rn7RR 
DU/OD 

7  m 

Z-IU 

7  AOQ 
0-4Z0 

RD.77R 
DUO/0 

DU/oO 

7  m 
z-IU 

7  ^70 
o-4  ZO 

RP1777 
DUO/  / 

RF17R7 
DU/O/ 

7  m 
z-IU 

7  d7Q 

o-4zo 

DUO/0 

Rh7RR 
DU/OO 

7  1  n 
z-IU 

7  ^7Q 

o-4zo 

DUO/ 3 

DU/03 

7  i  n 
z-IU 

7/177 
o-4  OZ 

DUOOU 

DU/3U 

7  1  n 
z-IU 

7  ^77 

o-4oz 

RHOQR 
DUOOD 

DH7QR 
DUOOD 

2-13 

3-376 

BD385-1 

BD385 

2-13 

3-376 

BD385-2 

BD385 

2-13 

3-376 

BD385-5 

BD385 

2-13 

3-376 

DUOoD-0 

DUOOD 

2-13 

3-376 

DUOOO 

DUOOO 

2-13 

3-380 

Rh7Qfi  1 
DUOOO- 1 

RPl7Qft 
DUOOO 

2-13 

3-380 

Rn7Rfi  9 
DUOOO  L 

DUOOO 

7  17 

7  70A 

o-ooU 

DUOOO  J 

Rrt7P.fi 
DUOOO 

7  17 

z-lo 

7  7  on 
o-ooU 

DUOOO-0 

DUOOO 

7  17 

z-!o 

7  7Qn 

o-ooU 

RH7R7 
□  UOO/ 

DUOO/ 

7  1/1 

z-14 

3-376 

BD387-1 

BD387 

2-14 

3-376 

BD387-2 

BD387 

2-14 

3-376 

BD387-5 

BD387 

2-14 

3-376 

Rn7R7  R 
DUOO/  0 

Rn7R7 
DUOO/ 

Q  QIC 

DUOOO 

bUooo 

2-14 

3-380 

RH9RR  1 
DUOOO  I 

DUOOO 

0  1/1 

o-ooU 

RH7RR  9 
DU0O0-Z 

DUOOO 

0  1/1 

3-380 

RH7QQ  R 
DUOOO-D 

dUooo 

2-14 

3-380 

DUOOO-0 

RH7QQ 
DUOOO 

2-14 

0  Ton 

0-08O 

Rn7QQ 

buooy 

DU003 

2-14 

3-376 

BD389-1 

BD389 

2-14 

3-376 

BD389-2 

BD389 

2-14 

3-376 

BD389-6 

BD389 

2-14 

3-376 

DH7Q0  0 

DUooy-o 

2-14 

3-376 

on7on 

bUoyu 

BD390 

2-14 

3-380 

□  noon  1 
DU03U-I 

DU03U 

2-14 

3-380 

Dr\7Qn  7 

bU03U-Z 

DU03U 

2-14 

3-380 

Dn7on 
DUJyU-D 

Dnonn 
dUo9U 

2-14 

3-380 

cmon  q 
DUjyU-o 

Dnonn 

budyu 

2-14 

3-380 

dU4  IU 

DH707 

bUzoz 

2-9 

3-354 

BD411 

BD411 

2-14 

3-384 

BD411-1 

BD411 

2-14 

3-384 

mm 

BD411 

2-14 

3-384 

DP\A  1  1  R 
DU4  I  I  -D 

BD41 1 

2-14 

3-384 

pn/ii  1  q 
DU41  l-o 

BD41 1 

2-14 

3-384 

BD412 

BD412 

2-14 

3-384 

BD412-1 

BD412 

2-14 

3-384 

□U4lzl-^ 

BD412 

2-14 

3-384 

bU4 1  l-b 

BD412 

2-14 

3-384 

dU41z-o 

BD412 

2-14 

3-384 

BD413 

BD413 

2-14 

3-388 

BD413-1 

BD413 

2-14 

3-388 

BD413-2 

BD413 

2-14 

3-388 

BD413-5 

BD413 

2-14 

3-388 

BD413-8 

BD413 

2-14 

3-388 

BD414 

BD414 

2-14 

3-388 

BD414-1 

BD414 

2-14 

3-388 

BD414-2 

BD414 

2-14 

3-388 

BD414-5 

BD414 

2-14 

3-388 

BD414-8 

BD414 

2-14 

3-388 

1-20 
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BD415 

BD415 

2-13 

3-392 

BD416-1 

BD415 

2-13 

3-392 

BD415-2 

BD415 

2-13 

3-392 

buqid-o 

RrMiR 

DLW  ID 

9  n 

£-10 

9J3Q? 

BU4  ID 

RrviiR 

BU4  10 

9  n 

9  9QR 

o-oyo 

DU4  I0~  I 

DUH  10 

9  19, 
Z"IO 

9  9QR 

o  oyo 

DUh  I  o-z 

RI"M1fi 
DUH  ID 

Z  IO 

9  9QP 
0-030 

DU4  1 0-0 

RI"V11R 
DU4  10 

11-1 
i-IO 

9  9QR 

o-o  yo 

BU4  I  / 

Rh/17 
BU4  1  / 

9  1/1 
£-14 

9  90.9 

o-oyz 

Rh/117  1 
BU4  I  /- 1 

RPl/1 17 
BU4  1  / 

9  1j1 
Z-  \h 

9  9Q9 

o-oyz 

BD417-2 

BD417 

2-14 

3-392 

BD417-5 

BD417 

2-14 

3-392 

BD417-8 

BD417 

2-14 

3-392 

BD418 

BD418 

0  1  A 

z-14 

3-396 

QPiA  10  1 

BU4  I  o- 1 

BD418 

2-14 

3-396 

DnyllQ  0 

BU4I0-Z 

BD418 

1  1  A 

Z-I4 

3-396 

OH/HQ  K 

BU4  lo-b 

BU4  io 

Z>l 4 

o-oyo 

BU4I0-0 

BU4  Io 

9  "M 

z-14 

o-oyo 

BU4  iy 

□U4  ly 

9  1/ 

Z-I4 

7  7Q7 

o-oyz 

en/no  1 
bu4  i  y- 1 

bU4  iy 

9  1^ 

Z-I4 

Q  QQ7 

o-oyz 

BD419-2 

BD419 

2-14 

3-392 

BD419-8 

BD419 

2-14 

3-392 

BD420 

BD420 

2-14 

3-396 

on/on  1 
BU4ZU-  I 

oU4zU 

0  1/1 

z-14 

O  OOG 

3- Jab 

Rrunn  o 
BU4zU-Z 

BU4zU 

T  111 

Z-14 

O  OQG 

j-jyb 

BU4zU-b 

BU4ZU 

0  1  A 

Z-I4 

O  OOG 
3-JSD 

BU4ZU-0 

BU4zU 

9  1  A 

Z-I4 

O  OOG 

3-jyb 

BU4Z4 

BU/y  I 

o  1  n 
z-IU 

3-4JZ 

du4zs 

MJhZUU 

2-10 

3-1096 

DU4oU 

MJLZ IU 

2-10 

3-1096 

BD433 

BD433 

2-10 

3400 

BD433-16 

BD433 

2-10 

3400 

BD434 

BD434 

2-10 

3403 

DPiAOA  1C 
BU404- 1  0 

BU4o4 

2-10 

3403 

BU40b 

OH/IOC 

BU40b 

2-10 

3400 

Rrti4QR 
BU400 

OH/IOC 

BU40D 

o  1  n 
z-IU 

3403 

BD437 

BD437 

2-10 

3400 

BD438 

BD438 

2-10 

3403 

BU4o9 

BD439 

2-10 

3400 

BD440 

DV>A  ACl 

□U44U 

2-10 

3403 

BD441 

BD441 

2-10 

3400 

BD442 

BD442 

2-10 

3403 

BD443 

BD179 

2-10 

3-342 

DU44JA 

BD179 

2-10 

3-342 

□  r>  A  CC  A 

BU4ooA 

BD412 

2-14 

3-384 

BU4boB 

BD412 

2-14 

3-384 

nri/177  A 
BU4/ /A 

BD413 

2-14 

3-388 

BU4//B 

BD413 

2-14 

3-388 

BUbUb 

BD505 

2-12 

3406 

BUbUb-1 

orient 
bubUb 

2-12 

3406 

BD505-5 

BD505 

2-12 

3406 

BD506 

BD506 

2-12 

3408 

BD506-5 

BD506 

2-12 

3408 

BD507 

BD507 

2-12 

3406 

BD507-1 

BD507 

2-12 

3406 

BD507-5 

BD507 

2-12 

3406 

BD508 

BD508 

2-12 

3408 

BD508-1 

BD508 

2-12 

3408 

BD508-5 

BD508 

2-12 

3408 

BD509 

BD509 

2-12 

3406 

*  Consult  factory  if  a  direct  replacement  is  necessary. 

*  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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BD509-1 

BD509 

2-12 

3406 

BD509-5 

BD509 

2-12 

3406 

BD510 

BD510 

2-12 

3408 

DUD  I  LrD 

BD510 

BD515 

BD515 

9-19 
Z  I  z 

IU 

DUO  1 D  1 

BD515 

9.19 
z- 1  z 

DUO  1  0  0 

BD515 

9  19 
Z  I  z 

%ai  n 

DUO  IO 

Rn^ifi 

DUO  l  0 

9  19 
Z  I  z 

0  d10 

RnRifi  1 

DUO  I  O  I 

DUO  ID 

9  19 
Z- 1 Z 

OJ 1 0 

DUO  I  0-0 

RnR1R 
DUO  ID 

9  19 
Z-IZ 

OJ1 0 

BD617 

BD517 

2-12 

3410 

BD517-1 

BD517 

2-12 

3410 

BD518 

BD618 

2-12 

3412 

RHK1Q  1 
DUO  IO"  I 

BUblo 

0  17 

z-lz 

3412 

BUbiy 

duo  iy 

2-12 

3410 

RHR1Q  1 

duo  iy- 1 

BUb  l  y 

0  17 

z-lz 

3410 

dub  iy-b 

BUb  iy 

2-12 

3410 

tsubzu 

BUbzU 

7  1  7 

3412 

RHKOn  1 
BUOzU- 1 

BUbzU 

O  10 

z-lz 

O  j11  0 

341/ 

DUOZU-0 

DUOZU 

9  1  O 

z-lz 

O  yllO 

BD624 

BD791 

2-10 

3432 

BD525 

BD526 

3414 

BD525-2 

BD526 

- 

3414 

DnK7c  c 
DUbzo-b 

BUbzb 

3414 

DPIK7C 
DUbZO 

BUbzD 

— 

3416 

□nt;9C  1 

DU0ZO- 1 

BUbZD 

3416 

DUbzo-b 

BUbzb 

3416 

oUbz/ 

BUOZ7 

3414 

DUOZ7- 1 

BUbZ/ 

3414 

oUbz/-z 

BUbz/ 

3414 

BD527-5 

BD527 

— 

3414 

BD528 

BD528 

3416 

BD528-1 

BD528 

- 

3416 

DUQtO-0 

BUbzo 

— 

3416 

BUbzy 

BD529 

2-12 

3414 

Dncoo  1 

BUbzy- 1 

BD529 

2-12 

3414 

BUbzy-z 

BD529 

2-12 

3414 

BUbzy-b 

BD529 

2-12 

3414 

Dnt;9n 
BUbOU 

QhK7n 
BUbOU 

2-12 

3416 

pnt;7n  i 
BUbOU- 1 

budou 

2-12 

3416 

BD530-5 

BO530 

2-12 

3416 

BD533 

B0533 

2-18 

3418 

BD534 

BD534 

2-18 

3418 

BUbOb 

BD535 

2-18 

3418 

BD536 

BD536 

2-18 

3418 

BD537 

BD537 

2-18 

3418 

BD538 

BD538 

2-18 

3418 

D.riK7Q 

BUboy 

BD243 

2-18 

3-366 

BUboyA 

BD243A 

2-18 

3-366 

BUboyB 

BD243B 

2-18 

3-366 

BD539C 

BD243C 

2-18 

3-366 

BD540 

BD244 

2-18 

3-366 

BD540A 

BD244A 

2-18 

3-366 

BD540B 

BD244B 

2-18 

3-366 

BD540C 

BD244C 

2-18 

3-366 

BD543 

BD805 

2-19 

3440 

BD543A 

BD807 

2-19 

3440 

BD543B 

BD809 

2-20 

3440 

BD544 

BD806 

2-19 

3442 

BD544A 

BD808 

2-19 

3442 

1-21 
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BD544B 

BD810 

2-20 

3442 

BD546D 

BD546D 

BD561 

BD187 

2-10 

3-346 

BD575 

BD241 

2-15 

3-362 

BD576 

BD242 

2-15 

3-362 

BD577 

BD241A 

2-15 

3-362 

BD578 

BD242A 

2-15 

3-362 

BD579 

BD241B 

2-15 

3-362 

BD580 

BD242B 

2-15 

3-362 

BD581 

BD241C 

2-15 

3-362 

BD582 

BD242C 

2-15 

3-362 

BD585 

BD533 

2-18 

3418 

BD586 

BD534 

2-18 

3418 

BD587 

BD535 

2-18 

3418 

BD588 

BD536 

2-18 

3418 

BD589 

BD537 

2-18 

3418 

BD590 

BD538 

2-18 

3418 

BD591 

BD241C 

2-15 

3-362 

BD592 

BD242C 

2-15 

3-362 

BD595 

B0795 

2-18 

3436 

BD596 

BD796 

2-18 

3438 

BD597 

B0797 

2-19 

3436 

BD598 

BD798 

2-19 

3438 

BD599 

BD799 

2-19 

3436 

BD600 

BD800 

2-19 

3438 

BD601 

BD801 

2-19 

3436 

BD602 

BD802 

2-19 

3438 

BD605 

BD805 

2-19 

3440 

BD606 

BD806 

2-19 

3442 

BD607 

BD807 

2-19 

3440 

BD608 

BD808 

2-19 

3442 

RD809 

2-20 

3440 

BD610 

BD810 

2-20 

3442 

BD611 

BD433 

2-10 

3400 

B0612 

BD434 

2-10 

3403 

BD613 

BD435 

2-10 

3400 

BD614 

BD436 

2-10 

3403 

BD615 

BD437 

2-10 

3400 

BD616 

BD438 

2-10 

3403 

BD617 

BD439 

2-10 

3400 

BD618 

BD440 

2-10 

3403 

BD619 

BD441 

2-10 

3400 

BD620 

BD442 

2-10 

3403 

BD633 

BD241 

2-10 

3-362 

B0634 

BD242 

2-10 

3-362 

BD635 

BD241A 

2-15 

3-362 

BD636 

BD242A 

2-16 

3-362 

BD637 

BD241B 

2-15 

3-362 

BD638 

BD242B 

2-15 

3-362 

BD643 

BD895 

2-19 

3444 

BD644 

BD896 

2-19 

3446 

BD645 

BD897 

2-19 

3444 

BD646 

BD898 

2-19 

3446 

BD647 

BD899 

2-19 

3444 

BD648 

BD900 

2-19 

3446 

BD649 

BD901 

2-19 

3444 

BD650 

BD902 

2-19 

3446 

BD661 

BD185 

2-10 

3-346 

BD661K 

2-18 

3418 

BD662 

BD186 

2-10 

3-348 

*  Consult  factory  if  a  direct  replacement  is  necessary. 

*  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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BD662K 

BD534 

2-18 

3418 

BD663 

BD795 

2-18 

3436 

BD664 

BD796 

2-18 

3438 

dUd/o 

BD675 

2-10 

3422 

BD675A 

BD675A 

2-10 

3422 

dUo/d 

DUO/0 

2-10 

3424 

tSUb/bA 

BL)6/bA 

2-10 

3424 

BD677 

BD677 

2-10 

3422 

tJUb//A 

QHC77A 

2-10 

3422 

oUO/o 

DUO/o 

2-10 

3424 

BD678A 

BD678A 

2-10 

3424 

BD679 

BD679 

2-10 

3422 

BD679A 

BD679A 

2-10 

3422 

or\cot\ 

BUboO 

BP680 

2-10 

3424 

buboUA 

BUboUA 

2-10 

3424 

BD681 

BD681 

2-10 

3422 

BUboz 

dud82 

2-10 

3424 

BD695 

BD895 
BD895A 

2-19 

3444 

Dncnc  a 

BUbybA 

2-19 

3444 

BD696 

BD896 

2-19 

3446 

BD696A 

BD896A 

2-19 

3446 

BD697 

BD897 

2-19 

3444 

BD697A 

BD897A 

2-19 

3444 

BD698 

BD898 

2-19 

3446 

BD698A 

BD898A 

2-19 

3446 

BD699 

BD899 

2-19 

3444 

BD699A 

BD899A 

2-19 

3444 

BD700 

BD900 

2-19 

3446 

BD700A 

BD900A 

2-19 

3446 

BD701 

BD901 

2-19 

3444 

BD702 

BD902 

2-19 

3446 

BD705 

BD795 

2-18 

3436 

BD706 

BD796 

2-18 

3438 

BD707 

BD797 

2-19 

3436 

BD708 

BD798 

2-19 

3438 

BD709 

BD799 

2-19 

3436 

BD710 

BD800 

2-19 

3438 

BD711 

BD801 

2-19 

3436 

BD712 

BD802 

2-19 

3438 

BD733 

BD533 

2-18 

3418 

BD734 

BD634 

2-18 

3418 

BD735 

BD533 

2-18 

3418 

BD736 

BD534 

2-18 

3418 

BD737 

BD533 

2-18 

3418 

BD738 

BD534 

2-18 

3418 

BD743 

BD805 

2-19 

3440 

BD743A 

BD807 

2-19 

3440 

BD743B 

BD809 

2-20 

3440 

BD743C 

CM. 

— 

— 

BD743D 

MJE5180 

2-18 

3-1142 

BD744 

BD806 

2-19 

3442 

BD744A 

BD808 

2-19 

3442 

BD744B 

BD810 

2-20 

3442 

BD744D 

MJE5170 

3-1142 

BD775 

BD775 

2-10 

3426 

BD776 

BD776 

2-10 

3426 

BD777 

BD777 

2-10 

3426 

BD778 

BD778 

2-10 

3426 

BD779 

BD779 

2-10 

3426 

BD780 

BD780 

2-10 

3426 
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Sheet 
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Replacement 

Replacement 
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BD785 

BD786 

2-10 

3428 

BD786 

BD786 

2-10 

3428 

RH7Q7 

bU/oV 

2-10 

3428 

BD788 

BD788 

2-10 

3428 

BD789 

BD789 

2-10 

3432 

BD790 

BD790 

2-10 

3432 

BD791 

BD791 

2-10 

3432 

BD792 

BD792 

2-10 

3432 

BD795 

BD795 

2-18 

3436 

BD796 

BD796 

2-18 

3438 

BD797 

BD797 

2-19 

3436 

BD798 

BD798 

2-19 

3438 

Rn7QQ 

du/yy 

Rh7QQ 

3436 

BD800 

BD800 

2-19 

3438 

BD801 

BD801 

2-19 

3436 

BD802 

BD802 

2-19 

3438 

BD805 

BD805 

2-19 

3440 

BD806 

BD806 

2-19 

3442 

BD807 

BD807 

2-19 

3440 

BD808 

BD808 

2-19 

3442 

BD809 

BD809 

2-20 

3440 

BD810 

BD810 

2-20 

3442 

BD813 

BD385 

2-13 

3-376 

BD814 

BD386 

2-13 

3-380 

BD815 

BD387 

2-14 

3-376 

BD816 

BD388 

2-14 

3-380 

BD817 

BD389 

2-14 

3-376 

B0818 

BD390 

2-14 

3-380 

BD810 

BD810 

2-20 

3442 

BD825 

BD385 

2-13 

3-376 

BD826 

BD386 

2-13 

3-380 

BD827 

BD387 

2-14 

3-376 

BD828 

BU388 

2-14 

3-380 

BD829 

BD389 

2-14 

3-380 

BD839 

CM. 

— 

— 

BD830 

BD390 

2-14 

3-380 

BD833 

BD785 

2-10 

3428 

BD834 

BD786 

2-10 

3428 

BD835 

BD787 

2-10 

3428 

BD836 

BD788 

2-10 

3428 

BD837 

BD789 

2-10 

3432 

BD838 

BD790 

2-10 

3432 

BD861 

BD675 

2-10 

3422 

BD862 

BD676 

2-10 

3424 

BD863 

BD677 

2-10 

3422 

BD864 

BD678 

2-10 

3424 

BD865 

BD679 

2-10 

3422 

BD866 

BD680 

2-10 

3424 

BD875 

BD775 

2-10 

3426 

BD876 

BD776 

2-10 

3426 

BD877 

BD777 

2-10 

3426 

BD878 

BD778 

2-10 

3426 

BD879 

BD779 

2-10 

3426 

DUoOU 

DU/oU 

z-lU 

T  /IOC 

BD895 

BD895 

2-19 

3444 

BD895A 

BD895A 

2-19 

3444 

BD896 

BD896 

2-19 

3446 

BD896A 

BD896A 

2-19 

3446 

BD897 

BD897 

2-19 

3444 

BD897A 

BD897A 

2-19 

3444 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
"  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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Replacement 
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Replacement 
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Data 
Sheet 
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BD898 

BD898A 
□noon 

BD899A 

BD900 

BD900A 

BD901 

BD902 

BD905 

BD906 

BD898 
BD898A 

□  nonn 

BD899A 

BD900 

B0900A 

BD901 

BD902 

2N6486 

2N6489 

2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-19 
2-20 
2-20 

3446 
3446 
3444 
3444 
3446 
3446 
3444 
3446 
3-245 
3-245 

BD907 
BD908 
buyuy 
8D910 
BD933 
BD934 
BD935 
BD936 
BD937 
BD938 

2N6487 
2N6490 

OMC/IOO 

ZNo4oo 

2N6491 

BD241 

BD242 

BD241A 

BD242A 

BD241B 

BD242B 

2-20 
2-20 
2-20 
2-20 
2-15 
2-15 
2-15 
2-15 
2-15 
2-15 

3-245 
3-245 
3-245 
3-245 
3-362 
3-362 
3-362 
3-362 
3-362 
3-362 

BD939 
BD941 
BD942 
BD942 
BD940 
BD943 
BD944 
BD945 
BD946 
BD947 

BD241C 

TIP31D 

llr32L) 

TIP32D 

BD242C 

BD533 

BD534 

BD533 

BD534 

BD533 

2-15 
2-17 
2-17 
2-17 
2-15 
2-18 
2-18 
2-18 
2-18 
2-18 

3-362 
3-1256 
3-1 256 

3-362 
3418 
3418 
3418 
3418 
3418 

BD948 
BD949 
BD965 
BD955 
BD956 
BD950 
BD951 
BD952 
BD953 
BD954 

BD534 

BD535 

TIP31D 

TIP31D 

TIP32D 

BD536 

BD537 

BD538 

BD241C 

BD242C 

2-18 
2-18 
2-17 
2-17 
2-17 
2-18 
2-18 
2-18 
15 
2-15 

3418 
3418 
3-1247 

3-1256 
3418 
3418 
3418 
3-362 
3-362 

BD975 

BD976 

BD977 

BD978 

BD979 

BD980 

BDT29 

BDT29A 

BDT29B 

BDT29C 

BD775 

BD776 

BD777 

BD778 

B0779 

BD780 

TIP29 

TIP30 

TIP29B 

TIP29C 

2-10 
2-10 
2-10 
2-10 
2-10 
2-10 
2-17 
2-17 
2-17 
2-17 

3426 
3426 
3426 
3426 
3426 
3426 
3-1254 
3-1254 
3-1254 
3-1254 

BDT30 

BDT30B 

BDT30C 

DU  1  0  1 

BDT31A 

BDT31B 

BDT31C 

BDT32 

BDT32A 

BDT32B 

TIP30A 
TIP30B 
TIP30C 
Tipn 

I  lr«3 1 

TIP31A 

TIP31B 

TIP31C 

TIP32 

TIP32A 

TIP32B 

2-17 
2-17 
2-17 

117 

z-l  / 
2-17 
2-17 
2-17 
2-17 
2-17 
2-17 



3-1254 
3-1254 
3-1254 
3-1 254 
3-1254 
3-1254 
3-1254 
3-1256 
3-1256 
3-1256 
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Data 
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raye 

BDT32C 

TIP32C 

2-17 

3-1 256 

BDT41 

TIP41 

2-18 

3-1266 

BDT41A 

TIP41A 

2-18 

3-1266 

BDT41 B 

TIP41B 

2-18 

3-1 266 

BDT41C 

TIP41C 

2-18 

3-1266 

BDT41 

TIP42 

2-18 

3-1266 

BDT42A 

TIP42A 

2-18 

3-1 266 

BDT42B 

TIP42B 

2-18 

3-1 266 

BQI42C 

TIP42C 

2-18 

3-1 266 

BDT60 

TIP125 

2-18 

3-1281 

BDT60A 

TIP126 

2-18 

3-1281 

BDT60B 

TIP127 

2-18 

3-1281 

BDT60C 

BDX53D 

2-19 

3462 

BDT61 

TIP120 

9.1  ft 
£-10 

1-1 9R1 
J- 1  ZO  1 

DU  1 0  I  M 

TIP121 

2-18 

3-1281 

DU  1  0  1  D 

Tl  PI  22 

2-18 

3-1 281 

DLM30U 

2-19 

3462 

DU  1  UZL. 

DUVV40 

3452 

DU 1 00^ 

RrHA/4? 

3452 

DU  1  0*+ 

RDW44 

2-20 

3452 

BDT64A 

BDW45 

2-20 

3452 

BDT64B 

BDW46 

2-20 

3452 

BDT64C 

BDW47 

2-20 

3452 

BDT65 

UUVYHU 

2-20 

3452 

RDTfiRA 

DU  1  UJr\ 

UUVV't  1 

2-20 

3452 

RDTRRR 

DU  1  UJL) 

RHW49 

UU¥V4i 

2-20 

3452 

DU 1 DJt 

DUvVHO 

3452 

BDT62 

DUVVHj 

2-20 

3452 

RIYTR^A 
DU I0ZH 

DUvv4U 

9-90 

1^9 

DU  1  OZD 

DUVV4/ 

2-20 

3452 

BDT62C 

CM. 

BDT63 

BDW40 

2-20 

3452 

BDT63A 

BDW41 

2-20 

3452 

RfYTfilR 
DU  1  00D 

DUVV4Z 

9  90 

z-zu 

UR9 

DU  13  I 

DUOU/ 

9  1Q 
Z"  1 3 

0"44U 

RnTQ'J 

du  i  yz 

DUOUO 

9  1Q 
Z-iy 

0-44Z 

BDT93 

2-20 

3440 

BDT94 

DUO  IU 

9-9n 

Z'ZU 

3442 

DUV04^ 

u  iui  1017 

9-91 
Z-ZO 

DUVODL 

ivun  i  iu  io 

Z'ZO 

1-448 

BDV66C 

MJH11017 

2-15 

BDV660 

MJH11019 

2-15 

BDV67C 

MJH11018 

2-15 

- 

DUVO/  U 

m  iui in?n 
ivun  I  IUZU 

9  1R 
z- 1 0 

DUVD4 

DUV04 

9  1R 
Z- 1 0 

1-448 
0-440 

Rn\/R4A 
DUV04M 

Rn\/R4A 

9  1^ 
Z- 1 0 

9uMQ 

DUV04D 

DUV04D 

9  1R 
Z- 1 0 

0-440 

DUVDj 

DUVOj 

9  1R 

z-lo 

O-440 

on\/ficA 
uUVDOM 

DUVDDM 

9  1K 
z-IO 

O-440 

DUVDDD 

DUVDDD 

9  1R 
Z- 1 D 

9J^Q 
0-440 

BDV91 

TIP3055 

2-15 

3-1289 

BDV92 

TIP34B 

2-15 

3-1260 

BDV93 

TIP34C 

2-15 

3-1260 

BDV94 

TIP2955 

2-15 

3-1289 

BDV95 

TIP33B 

2-15 

3-1260 

BDV96 

TIP33C 

2-15 

3-1260 

BDW22A 

2N3789 

2-3 

3-56 

BDW22B 

2N3790 

2-3 

3-56 

BDW22C 

2N6229 

2-3 

3-56 

BDW21 

2N3713 

2-3 

3-26 

Mntnrnla 

Mntnrnla 
iviuiui  urn 

Splpctor 

Data 

InrliKtrv 

Direct 

Similar 

Guide 

Sheet 

Part  Number 

Rpnlacpmpnt 

Rpniarpmpnt 
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Page 

BDW21A 

2N3713 

2-3 

3-26 

BDW21B 

2N3714 

2-3 

3-26 

BDW21C 

2N5632 

2-3 

3-122 

BDW22 

2N3789 

2-3 

3-56 

BDW23 

BDX53 

2-19 

3-462 

BDW23A 

BDX53A 

2-19 

3462 

BDW23B 

BOX53B 

2-19 

3-462 

BDW23C 

BDX53C 

2-19 

3-462 

BDW24 

2-19 

3462 

BDW24A 

BDX54A 

2-19 

3462 

BUW24B 

BDX54B 

2-19 

3462 

BDW24C 

BDX54C 

2-19 

3462 

BOW39 

BDW39 

2-20 

3452 

BDW40 

2-20 

1ulR9 
o^tuz 

B0W41 

BDW41 

2-20 

1-4  R9 
0^4  yz 

BDW42 

U  U  V  V  Hi. 

2-20 

3452 

BDW44 

RDW44 

UL/VVHH 

2-20 

3452 

UL/  sMH-J 

UL/  VVHU 

2-20 

3452 

BDW46 

BDW46 

2-20 

3452 

BDW47 

BDW47 

2-20 

3452 

BDW61 

2N3715 

2-3 

3-26 

BDW51A 

2N3715 

2-3 

3-26 

BDW51B 

2N3716 

2-3 

3-26 

BDW51C 

9N563? 

2-3 

3-122 

BDW52 

2N3791 

2-3 

3-56 

BDW52A 

2N3792 

2-3 

3-56 

UL/V  V  JL  U 

2N3792 

z-o 

i-Rfi 

O^jD 

RDW52C 

2N6229 

2-3 

1-199 
o- 1  zz 

UUVV  JGV> 

9  1Q 

UR9 
0-4DZ 

UUVVJJU 

UL/AJJU 

2-19 

1-4R9 
0-40  Z 

BDW54C 

BDX54C 

2-19 

3462 

BDW54D 

BDX54D 

2-19 

3462 

BDW53 

TIP120 

2-18 

3-1281 

RDWR1A 

DUvVjOH 

TIP120 

9  1(3 
Z-lo 

7  19Q1 
0- 1 ZO  I 

DUVVOOD 

TIP121 

9  1fl 
Z-lo 

1  19R1 
0- 1  Zo  I 

C  M 

UL/V  ¥  JO  L* 

C  M 

BDW54 

TIP125 

2-18 

1-1 9R1 
o- 1  ZO  I 

i  ir izj 

9-1 R 
Z  10 

1  19R1 
o- 1  ZO  I 

BDW54B 

TIP126 

9,10 

L"  1  0 

1  1  9R1 
0- 1  ZO  I 

BDW55 

B0135 

3-332 

BDW56 

BD136 



3-334 

BDW57 

BD137 

— 

3-332 

UL/V  V  Ju 

BD138 

1-114 
0-004 

BD139 

1 119 

RDWfiO 

BD140 

9  91j1 
O-0O4 

RDWR3 

DUAuO 

9  1Q 

z-  iy 

9  AR0 
0-4DZ 

DUVVOOH 

DUAOoM 

9  1Q 

z-iy 

0-4DZ 

DUVVDJD 

□UAOOD 

9  10. 

z-iy 

0-40Z 

DUAOOL 

9  10 

z-iy 

9JR9 
0-4DZ 

BDW63D 

BDX53D 

2-19 

3462 

BDW64 

BDX54 

2-19 

3462 

BDW64A 

BDX54A 

2-19 

3462 

BDW64B 

BDX54B 

2-19 

3462 

BDW64C 

BDX54C 

2-19 

3462 

BDW73D 

8DX33D 

2-20 

3458 

BDW74D 

BDX34D 

2-20 

3458 

BDW73 

BD895 

2-19 

3444 

BDW73A 

BD897 

2-19 

3444 

BDW73B 

BD899 

2-19 

3444 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
"  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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BDW73C 

BD901 

2-19 

3444 

BDW74 

BD896 

2-19 

3446 

DU030 

9-1 Q 

3446 

BDW74B 

BD900 

2-19 

3446 

BDW74C 

BD902 

2-19 

3446 

8DW83 

BDV65 

2-15 

3448 

BDW83A 

BDV65 

2-15 

3448 

BDW83B 

BDV65A 

2-15 

3448 

BDW83C 

BDV65B 

2-15 

3448 

BDW84 

BDV64 

2-15 

3448 

BDW84A 

BDV64 

2-15 

3448 

B0W84B 

BDV64A 

2-15 

3448 

DUVu^D 

9  1R 
Z  I D 

0-440 

BDW93 

BDW39 

2-20 

BDW93A 

BDW40 

2-20 

— 

BDW93B 

BDW41 

2-20 

— 

BDW93C 

BDW42 

2-20 

— 

BDW94 

BDW44 

2-20 

— 

BDW94A 

BDW45 

2-20 

— 

BDW94B 

BDW46 

2-20 

— 

BDW94C 

BDW47 

2-20 

BDX10 

2N3055A 

2-4 

3-6 

DUA  WJ-H 

0-0 

8DX10-6 

2N3055A 

24 

3-6 

BDX10-7 

2N3055A 

24 

3-6 

BDX10C 

2N3055A 

24 

3-6 

BDX18 

MJ2955 

24 

— 

BDX33D 

BDX33D 

2-20 

3458 

BDX34D 

BDX34D 

2-20 

3458 

BDX35 

TIP42C 

2-18 

3-1266 

BDX36 

TIP42D 

2-18 

3-1266 

BDX37 

TIP42D 

2-18 

3-1266 

DUAOO 

9  1Q 

0-430 

BDX33A 

BDX33A 

2-19 

3458 

BDX33B 

BDX33B 

2-20 

3458 

BDX33C 

BDX33C 

2-20 

3458 

BDX34 

BDX34 

2-19 

3458 

BDX34A 

BDX34A 

2-19 

3458 

BDX34B 

BDX34B 

2-20 

3458 

BDX34C 

BDX34C 

2-20 

3458 

BDX35 

MJE240 

2-10 

3-1102 

BDX36 

MJE240 

2-10 

3-1102 

DUAO/ 

9  in 

o-l  IUZ 

BDX42 

BD775 

2-10 

3426 

BDX43 

BD777 

2-10 

3426 

BDX44 

BD779 

2-10 

3426 

BDX45 

BD776 

2-10 

3426 

BDX46 

BD778 

2-10 

3426 

BDX47 

BD779 

2-10 

3426 

BDX53D 

BDX53D 

2-19 

3462 

BDX54D 

BDX54D 

2-19 

3462 

BDX53 

BDX53 

2-19 

3462 

BDX53A 

BDX53A 

2-19 

3462 

BDX53B 

BDX53B 

2-19 

3462 

BDX53C 

BDX53C 

2-19 

3462 

BDX54 

BDX54 

2-19 

3462 

BDX54A 

BDX54A 

2-19 

3462 

BDX54B 

BDX54B 

2-19 

3462 

BDX54C 

BDX54C 

2-19 

3462 

BDX70 

2N6099 

2-20 
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BDX71 

2N6099 

2-20 

3-245 

BDX72 

2N6101 

2-20 

3-237 

BDX73 

...  I  >  '.■  1  U  1 

2-20 

3-237 

BDX74 

2N6103 

2-20 

3-237 

BDX75 

2N6103 

2-20 

3-237 

BDX77 

BD799 

2-19 

3436 

BDX78 

BD800 

2-19 

3438 

BDX84 

MJ2500 

2-5 

3-746 

BDX84A 

MJ2500 

2-5 

3-746 

BDX84B 

MJ2501 

2-5 

3-746 

BDX84C 

MJ4032 

24 

3-756 

BDX83 

MJ3000 

2-3 

3-746 

BDX83A 

IVIJOUUU 

2-3 

0/40 

BDX83B 

MJ3001 

2-3 

3-746 

BDX83C 

MJ4035 

24 

3-756 

BDX91 

2N3715 

2-3 

3-26 

BDX92 

2N3791 

2-3 

3-56 

BDX93 

2N3716 

2-3 

3-26 

BDX94 

2N3792 

2-3 

3-56 

BDX95 

2N5632 

2-3 

3-122 

BDX96 

2N6229 

2-3 

3-122 

BDY29 

2N5303 

2-5 

3-98 

BDY34 

Rn7RR 

z- 1  u 

0-4Z0 

BDY37 

2N3773 

24 

3-52 

BDY80 

BD533 

2-18 

3418 

BDY81 

BD535 

2-18 

3418 

BDY82 

BD534 

2-18 

3418 

BDY83 

BD536 

2-18 

3418 

BDY93 

BU326A 

2-2 

3-515 

BDY93/0 

BU326A 

2-2 

3-515 

BDY94 

BU326A 

2-2 

3-515 

BDY94/01 

BU326A 

2-2 

3-515 

BDY96 

Rl  \SA1 

i  q 
t-6 

3-040 

BDY96-1 

BUS47 

2-3 

3-548 

BDY96/0 

BUS47 

2-3 

3-548 

BDY97 

BUS47 

2-3 

3-548 

BDY97-1 

BUS47 

2-3 

3-548 

BF380 

MPSU10 

2-12 

3-1232 

BF380-5 

MPSU10 

2-12 

3-1232 

BF381 

MPSU10 

2-12 

3-1232 

BF382 

MPSU10 

2-12 

3-1232 

BF382-5 

MPSU10 

2-12 

3-1232 

BF415 

RF7R7 
Dr/u/ 

l-\o 

4-4 /y 

BF416 

BF760 

2-13 

4483 

BF417 

MJE340 

2-9 

3-1108 

BF418 

BF761 

2-13 

4483 

BF460-1 

BF460 

2-13 

3467 

BF460-2 

BF460 

2-13 

3467 

BF460-8 

BF460 

2-13 

3467 

BF461-1 

BF461 

2-13 

3467 

BF461-2 

BF461 

2-13 

3467 

BF461-5 

BF461 

2-13 

3467 

BF461-8 

BF461 

2-13 

3467 

BF462-1 

BF462 

2-13 

3467 

BF462-2 

BF462 

2-13 

3467 

BF462-8 

BF462 

2-13 

3467 

BF463-1 

BF463 

2-13 

3471 

BF463-2 

BF463 

2-13 

3471 

BF463-5 

BF463 

2-13 

3471 

BF463-8 

BF463 

2-13 

3471 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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BF464-1 

BF464 

2-13 

3-471 

BF464-2 

BF464 

2-13 

3-471 

BF464-5 

BF464 

2-13 

3-471 

BF464-8 

BF464 

2-13 

3471 

BF465-1 

BF465 

2-13 

3-471 

BF465-2 

BF465 

2-13 

3-471 

BF465-5 

BF466 

2-13 

3-471 

BF465-8 

BF465 

2-13 

3471 

BF466 

BF466 

2-14 

3-475 

BF466-1 

BF466 

2-14 

3475 

BF466-2 

BF466 

2-14 

3475 

BF466-8 

BF466 

2-14 

3475 

BF467 

BF467 

2-14 

3475 

BF467-1 

BF467 

2-14 

3475 

BF467-2 

BF467 

2-14 

3475 

BF467-8 

BF467 

2-14 

3475 

BF468 

BF468 

2-14 

3475 

BF468-1 

BF468 

2-14 

3475 

BF468-2 

BF468 

2-14 

3475 

BF468-5 

BF468 

2-14 

3475 

BF468-8 

BF468 

2-14 

3475 

BF469 

BF787 

2-13 

3487 

BF470 

BF790 

2-13 

J-40/ 

BF471 

BF788 

2-13 

3487 

3:4:2 

BF791 

2-13 

3487 

BF615 

BF757 

2-13 

3479 

BF616 

BF760 

2-13 

3483 

BF617 

BF758 

2-13 

3479 

BF618 

BF761 

2-13 

3483 

BF715 

BF787 

2-13 

3487 

BF716 

BF790 

2-13 

3487 

BF717 

BF758 

2-13 

3479 

BF718 

BF761 

9-1  "\ 

'iJiQ'i 

BF757 

BF757 

2-13 

3479 

BF757-1 

BF757 

2-13 

3479 

BF757-2 

BF757 

2-13 

3479 

BF757-5 

BF757 

2-13 

3479 

BF757-8 

8F757 

2-13 

3479 

BF758 

BF758 

2-13 

3479 

BF758-5 

BF758 

2-13 

3479 

BF758-8 

BF758 

2-13 

3479 

BF759 

BF759 

2-13 

3479 

BF759-1 

BF759 

L  1  0 

3479 

BF759-2 

BF759 

2-13 

3479 

BF759-5 

BF759 

2-13 

3479 

BF759-8 

BF759 

2-13 

3479 

BF760 

BF760 

2-13 

3483 

BF760-2 

BF760 

2-13 

3483 

BF760-5 

BF760 

2-13 

3483 

BF760-8 

BF760 

2-13 

3483 

BF761 

BF761 

2-13 

3483 

BF761-1 

BF761 

2-13 

3483 

BF761-5 

BF761 

2-13 

3483 

BF761-8 

BF761 

2-13 

3483 

BF762 

BF762 

2-13 

3483 

BF762-1 

BF762 

2-13 

3483 

BF762-2 

BF762 

2-13 

3483 

BF762-5 

BF762 

2-13 

3483 

BF762-8 

BF762 

2-13 

3483 

BF787 

BF787 

2-13 

3487 

Industry 

er 

Motorola 
Direct 

Motorola 
Similar 

Selector 
Guide 

Data 
Sheet 
Page 

Part  Numt 

BF787-1 

BF787 

2-13 

3487 

BF788 

BF788 

2-13 

3487 

BF788-1 

BF788 

9  n 

6-HOI 

BF788-5 

BF788 

2-13 

3487 

BF789 

BF789 

2-13 

3487 

BF789-1 

BF789 

2-13 

3487 

BF789-1 1 

BF789 

2-13 

3487 

BF789-5 

BF789 

2-13 

3487 

S, 

BF790 

2-13 

3487 

BF790-1 

BF790 

2-13 

3487 

BF790-2 

BF790 

2-13 

3487 

BF790-5 

BF790 

2-13 

3487 

RF791 

RF7Q1 

Dl/3  I 

z-l  o 

o-4o/ 

BF791-1 

BF791 

2-13 

3487 

BF791-5 

BF791 

2-13 

3487 

BF792 

BF792 

2-13 

3487 

BF792-1 

BF792 

2-13 

3487 

BF792-2 

BF792 

2-13 

3487 

BF792-5 

BF792 

2-13 

3487 

BF857 

BF757 

2-13 

3479 

BF858 

BF757 

2-13 

3479 

BF859 

BF758 

2-13 

3479 

□rooy 

RE7Q7 

2-13 

3487 

BF870 

BF790 

2-13 

3487 

BF871 

BF788 

2-13 

3487 

BF872 

BD791 

2-13 

3432 

BU104P 

BU406 

— 

3-518 

BU105 

BU205 

2-2 

3490 

BU108 

BU208 

2-2 

3495 

BU109P 

BU407 

2-19 

3-518 

BU124 

BU426 

2-15 

BU126 

BUS45P 

- 

Rl  11  OKA 
DU  I  <COA 

PI  11  oc 
DU  I  ZD 

BU134 

MJ423 

2-3 

3-740 

BU137 

BUT16 

24 

3-612 

BU157 

BUT16 

24 

3-612 

BU204 

BU204 

2-2 

3490 

BU205 

BU205 

2-2 

3490 

BU205A 

BU205 

2-2 

3490 

BU207 

BU207 

2-2 

3495 

BU207A 

BU208 

2-2 

3495 

BU208 

BU208 

2-2 

3495 

Rl  1999 

Rl  ITJCA 

2-2 

3-515 

BU222A 

BU326A 

2-2 

3-515 

BU223 

MJ431 

2-23 

3-740 

BU223A 

MJ431 

2-23 

3-740 

BU322 

BU323 

2-3 

3-507 

BU322A 

BU323A 

24 

3-507 

BU323P 

BU323P 

2-15 

3-507 

BU326 

BUS45P 

2-2 

3-515 

BU326A 

BUS45P 

2-2 

3-515 

BU326S 

BU326A 

2-19 

3-515 

BU406 

BU406 

3-518 

BU406D 

CM 

3-518 

BU406H 

CM. 

3-518 

BU407 

BU407 

2-19 

3-518 

BU407D 

CM. 

3-518 

BU426 

BUS45P 

2-15 

BU426A 

BU426A 

2-15 

BU433 

BU426 

2-15 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced  Contact  factory  for  Data  Sheet. 
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BU500 

BU500 

2-3 

3-524 

BU522 

BU522 

2-19 

3-526 

Dl  ICIOA 

BU522A 

BUbZzA 

2-19 

3-526 

BU522B 

BU522B 

2-19 

3-526 

BU806 

BU806 

2-19 

3-534 

BU807 

BU807 

2-19 

3-534 

BU808 

BU208 

2-2 

3495 

BUR50 

BUS50 

2-29 

3-576 

BUR51 

BUS51 

2-6 

3-578 

BUR52 

BUS52 

2-6 

3-578 

BUS11 

BUS46P 

2-18 

3-542 

BUS12 

BUS47 

2-3 

3-548 

BUb12A 

BUS47A 

2-3 

3-548 

BUS13 

BUS48 

24 

3-562 

BUS13A 

BUS48A 

— 

3-562 

BUSH 

BUS98 

2-6 

3-587 

BUS14A 

BUS98A 

2-6 

3-587 

BUS36 

BUS36 

2-20 

3-533 

BUS37 

BUS37 

2-20 

3-533 

BUS47P 

BUS47P 

2-15 

3-555 

BUS46P 

BUS46P 

2-18 

3-542 

BUS47 

BUS47 

2-3 

3-548 

BUb4/A 

m  ic  A~t  A 

BUb47A 

2-3 

3-548 

BUS47AP 

BUS47AP 

2-15 

3-548 

BUS48 

BUS48 

24 

3-562 

BUS48AP 

BUS48AP 

2-15 

3-569 

BUS48P 

BUS48P 

2-15 

3-569 

BUS50 

BUS50 

2-29 

3-576 

BUS51 

BUS51 

2-6 

3-578 

BUS52 

BUS52 

2-6 

3-578 

BUS97 

BUS97 

2-5 

3-580 

BUS97A 

BUS97A 

2-5 

3-580 

BUS98 

BUS98 

2-6 

3-587 

BUS98A 

BUS98A 

2-6 

3-587 

BUT13 

BUT13 

2-5 

3-594 

BUT14 

BUT14 

2-5 

3-600 

BUT15 

BUT15 

2-5 

3-606 

BUT16 

BUT16 

24 

3-612 

BUT33 

BUT33 

2-6 

3618 

BUT34 

BUT34 

2-6 

3-624 

BUT35 

BUT35 

2-6 

3-630 

BUT36 

BUT36 

2-5 

3-636 

BUT50P 

BUT50P 

2-15 

3-642 

BUT51P 

BUT51P 

2-15 

3-644 

BUT90 

BUS50 

2-29 

3-576 

BUT91 

BUS51 

2-6 

3-578 

BUT92 

BUS52 

2-6 

3-578 

BUV10 

BUV10 

2-5 



BUV10N 

BUV10N 

2-5 

3-645 

BUV11N 

BUV11N 

2-5 

3-651 

BUV18 

BUS50 

2-29 

3-576 

BUV19 

BUS50 

2-29 

3-576 

BUV20 

BUV20 

2-29 

3-657 

DUVZ  I 

Dl  ft/01 

Z-D 

J-ODU 

BUV22 

BUV22 

2-6 

3-666 

BUV23 

BUV23 

2-6 

3-669 

BUV26 

BUV26 

2-20 

BUV27 

BUV27 

2-20 

BUV24 

BUS98 

2-5 

3672 

BUV25 

BUS98A 

2-6 

3-587 

Motorola 
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BUV47 

BUS47P 

2-15 

3-548 

BUV47A 

BUS47AP 

2-15 

3^48 

Dl  IWA"7D 
DUV4/D 

Dl  1CATD 

DUo4/r 

2-15 

3-555 

BUV48 

BUS48P 

2-15 

3-569 

BUV48A 

BUS48AP 

2-15 

3-569 

BUW24 

BU326A 

2-3 

3-515 

BUW25 

BU326A 

2-3 

3-515 

BUW26 

BU326A 

2-3 

3-515 

BUW34 

BUS47 

2-3 

3-548 

BUW35 

BUS47 

2-3 

3-548 

BUW36 

BUS47A 

2-3 

3-548 

BUW44 

BUS48 

24 

3-562 

Dl  I1A/AC 

BUS48 

24 

3-562 

BUW46 

BUS48A 

24 

3-562 

BUW72 

BUS46P 

2-18 

3-542 

BUW74 

BUS47 

2-3 

3-548 

BUW75 

BUS47 

2-3 

3-548 

BUW76 

BUS47 

2-3 

3-548 

BUW77 

BUS47 

2-3 

3-548 

BUW81 

MJ10013 

24 

3-826 

BUW81A 

MJ10014 

24 

3-826 

BUW84 

MJE13003 

2-9 

3-1174 

Dl  IIAJOC 

BUWob 

MJt 13003 

2-9 

3-1174 

BUX14 

BUS47 

2-3 

3-548 

BUX14CECCF 

BUS47 

2-3 

3-548 

BUX14CECCL 

BUS47 

2-3 

3-548 

BUX15 

BUS47A 

2-3 

3-548 

BUX15CECCF 

BUS47A 

2-3 

3-548 

BUX15CECCL 

BUS47A 

2-3 

3-548 

BUX16 

2N6542 

2-2 

3-253 

BUX16A 

2N6542 

2-2 

3-253 

BUX16B 

2N6542 

2-2 

3-253 

Dl  IV1  0/"* 

BUX16C 

Oiler  a  n 

2N6543 

2-2 

3-253 

BUX17 

BUS48 

24 

3-562 

BUX17A 

BUS48 

24 

3-562 

BUX17B 

BUS48 

24 

3-562 

BUX17C 

BUS48 

24 

3-562 

BUX18 

2N6544 

2-3 

3-259 

BUX18A 

2N6544 

2-3 

3-259 

BUX18B 

2N6545 

2-3 

3-259 

BUX18C 

2N6545 

2-3 

3-259 

BUX39 

BUX39 

2-5 

3-678 

BUX40 

BUX40 

2-5 

3-681 

BUX41 

BUX41 

24 

3-687 

BUX42 

BUX42 

24 

3-690 

BUX43 

2N6308 

2-3 

3-693 

BUX44 

BUS47 

2-3 

3-548 

BUX45 

BUS47A 

2-3 

3-548 

BUX46 

2N6543 

2-3 

3-253 

BUX47 

BUS47 

2-3 

3-548 

BUX47A 

BUS47A 

2-3 

3-548 

B  UX48 

BUX48 

BUS48 

2-3 

3-561 

BUX48A 

BUX48A 

BUS48A 

24 

3-561 

Dl  IVARC 
DUA40O 

Ri  KAR 
DUo4o 

1-6 

o-obl 

BUX66 

2N6211 

2-8 

3-195 

BUX66A 

2N6212 

2-8 

3-195 

BUX66B 

2N6212 

2-8 

3-195 

BUX66C 

2N6213 

2-8 

3-195 

BUX67 

2N3584 

2-8 

3-20 

BUX67A 

2N3584 

2-8 

3-20 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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BUX67B 

2N3585 

2-8 

3-20 

BUX67C 

2N4240 

3-20 

BUX80 

BUS47 

2-3 

3-548 

BUX81 

BUS47A 

2-3 

3-548 

BUX82 

BU326A 

2-2 

3-515 

BUX83 

BU326A 

2-2 

3-515 

BUX84 

BUS45P 

2-17 

3-696 

BUX85 

MJE13005 

2-17 

3-696 

BUX86 

MJE13003 

2-18 

3-1174 

BUX87 

MJE13003 

2-9 

3-1174 

BUX97 

2-2 

3-515 

BUX97A 

BU326A 

2-2 

3-515 

BUX97B 

BU326A 

2-2 

3-515 

BUX98 

BUS98 

2-6 

3-587 

BUX98A 

BUS98A 

2-6 

3-587 

BUY29 

MJ410 

2-2 

3-738 

BUY30 

MJ411 

2-2 

3-738 

BUY49P 

BUY49P 

2-10 



BUY69A 

BUS47A 

2-3 

3-548 

BUY69B 

BUS47 

2-3 

3-548 

BUY69C 

2-3 

3-218 

BUY70A 

BU326A 

2-3 

3-515 

BUY70B 

BU326A 

2-3 

3-515 

BUY70C 

BU326A 

2-3 

3-515 

D40C1 

D40C1 

2-13 

3-699 

D40C2 

D40C2 

2-13 

3-699 

D40C4 

D40C4 

2-13 

3-699 

D40C5 

D40C5 

2-13 

3-699 

D40D1 

D40D1 

2-13 

3-702 

D40D2 

D40D2 

2-13 

3-702 

D40D3 

D40D2 

9-11 

"V7A9 

D40D4 

D40D4 

2-13 

3-702 

D40D5 

D40D5 

2-13 

3-702 

D40D7 

D40D7 

2-13 

3-702 

D40D8 

D40D8 

2-13 

3-702 

D40D10 

D40D10 

-2-13 

3-702 

040D11 

D40D11 

2-13 

3-702 

D40013 

D40D13 

2-13 

3-702 

D40D14 

D40D14 

2-13 

3-702 

D40E1 

D40E1 

2-14 

3-706 

D40E5 

D40E5 

9-14 

D40E7 

D40E7 

2-14 

3-706 

D40K1 

D40K1 

2-14 

3-710 

D40K2 

D40K2 

2-14 

3-710 

D40K3 

D40K3 

2-14 

3-710 

D40K4 

D40K4 

2-14 

3-710 

D40N1 

D40N1 

2-13 

3-714 

D40N2 

D40N2 

2-13 

3-714 

D40N3 

D40N3 

2-13 

3-714 

D40N4 

D40N4 

2-13 

3-714 

D40P1 

D40P1 

2-13 

3-717 

O40P3 

D40P3 

2-13 

3-717 

D40P5 

D40P5 

2-13 

3-717 

mini 

\JH\  U  I 

2-13 

3-702 

D41D2 

D41D2 

2-13 

3-702 

D41D4 

D41D4 

2-13 

3-702 

D41D5 

D41D5 

2-13 

3-702 

D41D7 

D41D7 

2-13 

3-702 

D41D8 

D41D8 

2-13 

3-702 

D41D10 

D41D10 

2-13 

I 

3-702 
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D41D11 

D41D11 

2-13 

3-702 

D41D13 

D41D13 

2-13 

3-702 

041 D1 4 

D41 D1 4 

2-13 

3-702 

D41E1 

D41E1 

2-14 

3-706 

D41E5 

D41E5 

2-14 

3-706 

D41E7 

D41E7 

2-14 

3-706 

D41K1 

D41K1 

2-14 

3-710 

D41K2 

D41K2 

2-14 

3-710 

D41K3 

D41K3 

2-14 

3-710 

D41K4 

D41K4 

2-14 

3-710 

D42C1 

MDS9R 

2-14 

3-732 

D42C2 

MDS26 

2-14 

3-732 

D42C3 

MDS26 

2-14 

3-732 

D42C4 

MDS27 

2-14 

3-732 

D42C5 

MDS27 

2-14 

3-732 

D42C6 

MDS27 

2-14 

3-732 

D42C7 

MDS27 

2-14 

3-732 

D42C8 

MDS27 

2-14 

3-732 

D42C9 

MDS27 

2-14 

3-732 

D43C1 

MDS76 

2-14 

3-732 

D43C2 

IVIUO  /  O 

9  1/1 

7  170 

D43C3 

MDS76 

2-14 

3-732 

D43C4 

MDS77 

2-14 

3-732 

D43C5 

MDS77 

2-14 

3-732 

D43C6 

MDS77 

2-14 

3-732 

D43C7 

MDS77 

2-14 

3-732 

043C8 

MDS77 

2-14 

3-732 

D43C9 

MDS77 

2-14 

3-732 

D44C1 

D44C1 

2-17 

3-721 

D44C2 

D44C2 

2-17 

3-721 

D44C3 

D44C3 

9-17 

1-791 

D44C4 

D44C4 

2-17 

3-721 

D44C5 

D44C5 

2-17 

3-721 

D44C6 

D44C6 

2-18 

3-721 

D44C7 

D44C7 

2-18 

3-721 

D44C8 

D44C8 

2-18 

3-721 

D44C9 

D44C9 

2-18 

3-721 

D44C10 

D44C10 

2-18 

3-721 

D44C11 

D44C11 

2-18 

3-721 

D44C12 

D44C12 

2-18 

3-721 

D44D1 

9MRQQC 

9  1Q 

7  071 

D44D2 

2N6386 

2-19 

3-237 

D44D3 

2N6043 

2-19 

3-165 

D44D4 

2N6043 

2-19 

3-165 

D44D5 

2N6044 

2-19 

3-165 

D44D6 

2N6044 

2-19 

3-165 

D44E1 

2N6386 

2-19 

3-723 

D44E2 

2N6387 

2-19 

3-723 

D44E3 

2N6388 

2-20 

3-723 

D44H1 

L'ttl  1  1 

D44H1 

2-19 

3-725 

D44H2 

D44H2 

9-1 Q 

1  79R 
0  /ZD 

D44H4 

D44H4 

2-19 

3-725 

D44H5 

D44H5 

2-19 

3-725 

D44H7 

U'wn/ 

2-19 

3-725 

D44H8 

D44H8 

2-19 

3-725 

D44H10 

D44H10 

2-20 

3-725 

D44H11 

D44H11 

2-20 

3-725 

D44B1 

TIP47 

2-17 

3-1270 

D44R2 

TIP47 

2-17 

3-1270 

D44R3 

TIB4E 

2-17 

3-1270 

I 

'  Consult  factory  if  a  direct  replacement  is  necessary. 
"  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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D44R4 

TIP48 

2-17 

3-1270 

D44R5 

TIP47 

2-17 

3-1 270 

D44R6 

TIP48 

2-17 

3-1270 

D44TD3 

MJE13070 

2-18 

3-1202 

D44TD4 

MJE13070 

2-18 

3-1202 

M4TD5 

MJE13070 

2-18 

3-1202 

D44TE3 

MJE13070 

2-18 

3-1202 

D44TE4 

MJE13070 

2-18 

3-1202 

D44TE5 

MJE13070 

2-18 

3-1202 

D44VH1 

D44VH1 

2-20 

3-727 

r\  A  A  \  tL  1  A 

D44VH4 

D44VH4 

2-20 

3-727 

r\ji  a\  ii  i~i 

D44VH7 

D44VH7 

2-20 

3-727 

D44VH10 

D44VH10 

2-20 

3-727 

D45C1 

D45C1 

2-17 

3-721 

D45C2 

D45C2 

2-17 

3-721 

D45C3 

D45C3 

2-17 

3-721 

D45C4 

D45C4 

2-17 

3-721 

D45C5 

D45C5 

2-17 

3-721 

D45C6 

D45C6 

2-18 

3-721 

D45C7 

D45C7 

2-18 

3-721 

D45C8 

D45C8 

2-18 

3-721 

D45C9 

D45C9 

2-18 

3-721 

D45C1 0 

D45C10 

2-18 

3-721 

D45C1 1 

D45C11 

2-18 

3-721 

D45C12 

D45C12 

2-18 

3-721 

D45E1 

TIP125 

2-19 

3-723 

D45E2 

TIP125 

2-19 

3-723 

D45E3 

TIP126 

2-20 

3-723 

D45H1 

D45H1 

2-19 

3-725 

D45H2 

D45H2 

2-19 

3-725 

D45H4 

D45H4 

2-19 

3-725 

D45H5 

D45H5 

2-19 

3-725 

D45H7 

D45H7 

2-19 

3-725 

D45H8 

D45H8 

2-19 

3-725 

D45H9 

D45H9 

2-19 

3-725 

D45H10 

D45H10 

2-20 

3-725 

D45H1 1 

D45H11 

2-20 

3-725 

D45H12 

D45H12 

2-20 

3-725 

D45VH1 

D45VH1 

2-20 

3-727 

D45VH4 

D45VH4 

2-20 

3-727 

D45VH7 

D45VH7 

2-20 

3-727 

D45VH10 

D45VH10 

2-20 

3-727 

D56W1 

BU208 

2-2 

3495 

D56W2 

BU208 

2-2 

3495 

D56W3 

BU207 

2-2 

3495 

D56W4 

BU207 

2-2 

3495 

D64VE3 

MJ13080 

2-3 

3-978 

D64VE4 

MJ13080 

23 

3-978 

D64VE5 

MJ 13080 

2-3 

3-978 

D54VP3 

MJ13090 

24 

3-984 

D64VP4 

MJ13090 

24 

3-984 

D64VP5 

MJ13090 

24 

3-984 

D64VS3 

MJ13100 

Z-0 

3-990 

D64VS4 

MJ13100 

2*5 

3-990 

D64VS5 

MJ13100 

2-5 

3-990 

DTS310 

2N6306 

2-3 

3-218 

DTS31 1 

2N6306 

2-3 

3-218 

DTS401 

2N3902 

2-2 

3-60 

DTS402 

2N3902 

2-3 

3-60 

DTS403 

2N6308 

2<3 

3-218 

*  Consult  factory  if  a  direct  replacement  is  necessary. 

*  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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DTS409 

2N6308 

2-3 

3-218 

DTS410 

MJ4  !U 

L-L 

0-/0O 

DTS411 

MJ411 

2-2 

3-738 

DTS413 

MJ413 

2-3 

3-740 

DTS423 

MJ423 

2-3 

3-740 

DTS424 

2N6308 

2-3 

3-218 

DTS425 

2N6545 

24 

3-259 

DTS430 

2N6307 

2-3 

3-218 

DTS431 

MJ431 

2-3 

3-740 

DTS515 

2N6306 

2-3 

3-218 

DTS516 

2N6306 

2-3 

3-218 

DTS517 

ZNOJUO 

2-3 

3-218 

DTS518 

2N6307 

2-3 

3-218 

DTS519 

2N6308 

2-3 

3-218 

DTS660 

2N6233 

2-6 

3-198 

DTS663 

2N6235 

2-6 

3-198 

DTS665 

2N6235 

2-6 

3-198 

DTS701 

BU204 

2-2 

3490 

DTS702 

BU205 

2-2 

3490 

DTS712 

BU207 

2-2 

3495 

DTS714 

BU208 

2-2 

3495 

DTS801 

BU205 

2-2 

3490 

DTS802 

BU207 

2-2 

3495 

DTS804 

BU208 

2-2 

3495 

DTS812 

BU207 

2-2 

3495 

DTS814 

BU208 

2-2 

3495 

DTS1010 

2N6056 

2:3 

3-176 

DTS1020 

MJ3001 

2-3 

— 

DTS4010 

MJ3041 

2-3 

3-750 

DTS4025 

MJ3041 

2-3 

3-750 

DTS4026 

MJ10012 

2-5 

3-822 

DTS4039 

MJIUUUO 

2-5 

3-790 

DTS4040 

MJ10000 

2-5 

3-790 

DTS4041 

MJ  10000 

23 

3-790 

DTS4045 

MJ10000 

2-5 

3-790 

DTS4059 

MJ10000 

2-5 

3-790 

DTS4060 

MJ10001 

2-5 

3-790 

DTS4061 

MJ10000 

2-5 

3-790 

DTS4065 

MJ10001 

2-5 

3-790 

DTS4066 

MJ10000 

2-5 

3-790 

DTS4067 

MJ10000 

2-5 

3-790 

DTS4074 

MJ10004 

2-5 

3-802 

DTS4075 

MJ10004 

2-5 

3-802 

FT47 

TIP47 

2-17 

3-1270 

FT48 

TIP48 

2-17 

3-1270 

FT49 

TIP49 

2-17 

3-1270 

FT50 

TIP50 

2-17 

3-1270 

FT317 

FT317 

MJE15028 

2-18 

3-1208 

FT317A 

FT317A 

2-18 

— 

FT317B 

FT317B 

2-18 

BBBBi 

FT401 

2N3902 

2-2 

3-60 

FT402 

2N3902 

2-2 

3-60 

FT410 

MJ410 

L'L 

0-/00 

FT411 

MJ411 

2-2 

3-738 

FT413 

MJ413 

2-3 

3-740 

FT417 

FT417 

2-18 

FT417A 

FT417A 

2-18 

FT417B 

FT417B 

2-18 

FT423 

MJ423 

2-3 

3-740 

FT430 

2N6307 

2-3 

3-218 

1-29 
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FT431 

FT2955 

FT3055 

GE5060 

GE5061 

GE5062 

GE6060 

GE6061 

GE6062 

GE6251 

MJ431 

MJE2955T 

MJ3055T 

MJ 10000 

MJ10000 

MJ  10001 

MJ10015 

MJ10015 

MJ10015 

MJ10004 

2-3 
2-11 
2-11 
2-5 
2-5 
2-5 
2-6 
2-6 
2-6 
2-5 

3-740 
3-6 
3-6 
3-790 
3-790 
3-790 
3-832 
3-832 
3-832 
3-796 

GE6252 

GE6253 

IR401 

IR402 

IR403 

IR409 

IR410 

IR411 

IR413 

IR423 

MJ10004 

MJ10005 

2N3902 

2N3902 

2N6308 

2N6308 

MJ410 

MJ411 

MJ413 

MJ423 

2-5 
2-5 
2-2 
2-2 
2-3 
2-3 
2-2 
2-2 
2-3 
2-3 

3-796 
3-802 
3-60 
3-60 
3-218 
3-218 
3-738 
3-738 
3-740 
3-740 

IR424 
IR425 
IR430 
IR431 
IR515 
IR516 
IR517 
IR518 
1119 
IR640 

2N6308 

2N6545 

2N6307 

MJ431 

2N6250 

2N6250 

2N6251 

2N6546 

2N6547 

MJ3000 

2-3 
24 
2-3 
2-3 
2-4 
24 
24 
24 
24 
2-3 

3-218 
3-259 
3-218 
3-740 
3-201 
3-201 
3-201 
3-263 
3-263 

IR641 
IR642 
IR645 
IR646 
IR647 
IR660 
IR663 
IR665 
IR701 
IR801 

MJ3001 

2N6578 

MJ2500 

MJ2501 

2N6052 

MJ410 

MJ423 

MJ12003 

BU204 

BU205 

2-3 
24 
2-3 
2-3 
24 
2-2 
2-3 
2-30 
2-2 
2-2 

3-978 
3-746 
3-746 
3-172 
3-738 
3-740 
3-944 
3490 
3490 

IR802 

IR900 

IR901 

IR1000 

IR1001 

IR1010 

IR1020 

IR2500 

IR2501 

IR3000 

MJ802 

MJ900 

MJ901 

MJ1000 

MJ1001 

2N6056 

MJ3001 

MJ2500 

MJ2501 

MJ3000 

2-6 
2-3 
2-3 
2-3 
2-3 
2-3 
2-3 
2-3 
2-3 
2-3 

3-742 
3-744 
3-744 
3-744 
3-744 
3-176 

3-746 
3-746 

IR3001 
IR3771 
IR3772 
IR3773 
IR4039 
IR4040 
IR4041 
IR4045 
IR4050 
IR4055 

2N37711 

2N3772 

2N3773 

MJ10000 

MJ10000 

MJ10000 

MJ10000 

MJ10000 

MJ10000 

2-3 
2-5 
2-5 
24 
2-5 
2-5 
2-5 
2-5 
2-5 
2-6 

348 
348 
3-52 
3-790 
3-790 
3-790 
3-790 
3-790 
3-790 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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IR4059 

MJ  10000 

2-5 

3-790 

IR4060 

MJ10001 

2-5 

3-790 

IR4061 

MJ10000 

2-5 

3-790 

IR4065 

IVI J  I UUU  I 

9 

z-o 

9  7Qn 

o-/yu 

IR4502 

IVUfDUZ 

z-o 

7  7KQ 
J-/  JO 

IR5000 

y  tmnnn 

IVIJ  I  uuuu 

9  R 

z-o 

IR5001 

y  nnnnn 

IVIJ  I  uuuu 

9  f; 
z-o 

T.  70fi 

IR5002 

IVIJ  1 UUU  1 

9  z, 

Z-u 

Q  7Q0 

IR5060 

y  nnnnn 
IVIJ  1  uuuu 

9  £ 

z-o 

T  7QO 

IR5061 

y !  i  nnnn 

IVIJ  1  uuuu 

9  f; 
z-o 

T  7Q0 

IR5062 

MJ10001 

2-5 

3-790 

IR5252 

MJ  10003 

2-3 

3-796 

IR5261 

MJ10002 

2-3 

3-790 

IR6000 

y  imnnyi 

iVIJ  I UUU4 

Z-D 

3-796 

IR6001 

\A  11  C\f\f\A 
IVIJ  I UUU4 

Z-D 

3-796 

IR6002 

MJ  lUuUj 

2-5 

3-802 

IR6060 

MJ  [  UUU4 

2-5 

3-796 

IR6061 

\  A 1 1  (\r\r\A 
M J  I UUU4 

2-5 

3-796 

IR6062 

\a  hnnnt; 
M  J  l  Uuul) 

Z-D 

2-802 

IR6251 

M J  1 UUUD 

z-J 

3-808 

IR6252 

MJ  10007 

2-3 

3-808 

IR6302 

2N5630 

2-4 

3-118 

KDT410 

MJ410 

2-2 

3-738 

KDT411 

y  Mil 

IVIJ4  1  1 

o  n 
L-l 

0-/00 

KDT413 

\A  M11 
IVI  J4  1  o 

2-3 

3-740 

KDT423 

\A  i/n 

2-3 

3-740 

KDT430 

ZNOoU/ 

1-6 

3-218 

KDT431 

\A 

MJ4o  I 

2-3 

3-740 

KDT515 

zINoJUb 

2-3 

3-218 

KDT516 

ZtNoJUO 

2-3 

3-218 

KDT51 7 

2N6306 

2-3 

3-218 

KDT518 

2N6307 

2-3 

3-218 

KDT519 

2N6308 

2-3 

3-218 

KP3946 

zNoz74 

2-6 

3-205 

KP3948 

ZNOz/4 

2-6 

3-205 

MDS20 

MDS20 

2-13 

3-729 

MDS21 

MDS21 

2-13 

3-729 

MDS26 

MDS26 

2-14 

3-732 

MDS27 

MDS27 

2-14 

3-732 

MDS60 

MDS60 

2-13 

3-734 

MDS73 

MDS77 

2-14 

3-732 

MDS74 

MJE172 

2-10 

3-1092 

MDS75 

MJE253 

2-10 

3-1102 

MDS76 

MDS76 

2-14 

3-732 

MDS77 

MDS77 

2-14 

3-732 

MDS1678 

MDS27 

2-14 

3-736 

MJ105 

BU205 

2-2 

3490 

MJ205 

BU205 

2-2 

3490 

MJ400 

MJ400 

zNj/jy 

2-8 

3-37 

MJ410 

MJ410 

2-2 

3-738 

MJ411 

MJ411 

2-2 

3-738 

MJ413 

MJ413 

2-3 

3-740 

MJ423 

MJ423 

2-3 

3-740 

MJ424 

MJ424 

2N6308 

2-3 

3-218 

MJ425 

MJ425 

2N6545 

2-3 

3-259 

MJ431 

MJ431 

2-3 

3-740 

MJ450 

2N4398 

2-8 

3-68 

MJ480 

2N3713 

2-3 

3-26 

MJ481 

2N3713 

2-3 

3-26 

MJ490 

2N3789 

2-3 

3-56 

1-30 
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MJ491 

2N3789 

2-3 

3-56 

MJ4361 

MJE13003 

2-8 

3-1174 

MJ701 

MJ 12002 

2-2 

3-939 

MJ4380 

MJE13004 

2-8 

3-1180 

MJ702 

MJ12002 

2-2 

3-939 

MJ4381 

MJE13005 

2-8 

3-1180 

MJ704 

MJ  12002 

2-2 

3-939 

MJ4400 

MJE13004 

2-8 

3-1180 

MJ721 

MJ12002 

2-2 

3-939 

MJ4401 

MJE13005 

2-8 

3-1180 

MJ723 

MJ12002 

2-2 

3-939 

MJ4502 

MJ4502 

2-6 

3-758 

IVIJOUZ 

MJ802 

2-6 

3-742 

MJ4645 

MJ4645 

2-7 

3-760 

1 VI  j  out 

MJ12004 

2-2 

3-946 

MJ4646 

MJ4646 

2-7 

3-760 

IVIJClUU 

MJ900 

2-3 

3-744 

MJ4647 

MJ4647 

2-7 

3-760 

IV1J  3\J  1 

MJ901 

2-3 

3-744 

MJ6502 

MJ6502 

2-3 

3-762 

MJ920 

(2)  2N6298 

2-8 

3-176 

MJ6503 

MJ6503 

2-3 

3-762 

MJ921 

(2)  2N6299 

2-8 

3-176 

MJ6700 

MJ6700 

2-28 

3-768 

MJ1000 

MJ1000 

2-3 

3-735 

MJ8100 

MJ8100 

2-7 

3-770 

MJ1001 

MJ1001 

2-3 

3-735 

MJ8500 

MJ8500 

2-2 

3-772 

MJ1200 

(2)  2N6300 

2-8 

3-176 

MJ8501 

MJ8501 

2-2 

3-772 

MJ1201 

(2)  2N6301 

2-8 

3-176 

MJ8502 

MJ8502 

2-2 

3-778 

IVUZZ^J 

2N3766 

2-8 

344 

MJ8503 

MJ8503 

2-2 

3-778 

IVIJZZOU 

MJ2250 

2N3767 

2-8 

344 

MJ8504 

MJ8504 

24 

3-784 

y 

IVIJZZO  I 

2N3738* 

2-8 

3-37 

MJ8505 

MJ8505 

24 

3-784 

M  I99R9 
IVIJZZ3Z 

2N3739' 

2-8 

3-37 

MJ1000 

MJ1000 

2-5 

3-790 

MJ2253 

2N3740* 

2-8 

341 

MJ10001 

MJ10001 

2-5 

3-790 

MJ2254 

2N3741 * 

2-8 

341 

MJ  10002 

MJ10002 

2-3 

3-796 

MJ2267 

2N6594 

2-4 

3-52 

MJ10003 

MJ10003 

2-3 

3-796 

MJ2268 

MJ2955 

2-4 

3$ 

MJ  10004 

MJ  10004 

2-5 

3-802 

MJ2300 

MJE270 

2-9 

3-1106 

MJ  10005 

MJ10005 

2-5 

3-802 

MJ2305 

MJE271 

2-9 

3-1106 

MJ10006 

MJ  10006 

2-3 

3-808 

MJ2500 

MJ2500 

2-3 

3-746 

MJ10007 

MJ  10007 

2-3 

3-808 

MJ2501 

MJ2501 

2-3 

3-746 

MJ  10008 

MJ10008 

2-3 

3-814 

MJ2801 

MJ2801 

2N6569 

24 

3-280 

MJ  10009 

MJ  10009 

2-5 

3-814 

MJ2802 

2N5881 ' 

2-4 

3-143 

MJ10011 

MJ10011 

2-3 

3-820 

MJ2840 

2N5877 

2-3 

3-140 

MJ10012 

MJ10012 

2-3 

3-822 

MJ2841 

2N5878 

2-3 

3-140 

MJ10013 

MJ10013 

24 

3-826 

MJ2901 

2N6594* 

2-4 

3-52 

MJ10014 

MJ10014 

24 

3-826 

MJ2940 

2N5875 

2-3 

3-140 

MJ10015 

MJ10015 

2-6 

3-832 

MJ2955 

MJ2955 

2-4 

3-6 

MJ10016 

MJ10016 

2-6 

3-832 

MJ2955A 

MJ2955A 

24 

3-6 

MJ10020 

MJ 10020 

2-6 

3-837 

MJ3000 

MJ3000 

2-3 

MJ10021 

MJ10021 

2-6 

3-837 

MJ3001 

MJ3001 

2-3 

MJ10022 

MJ 10022 

2-6 

3-843 

MJ3029 

MJ3029 

2-2 

3-748 

MJ  10023 

MJ10023 

2-6 

3-843 

MJ3030 

MJ3030 

2-2 

3-748 

MJ  10024 

MJ 10024 

2-5 

3-849 

MJ3040 

MJ3040 



3-750 

MJ10025 

MJ10025 

2-5 

3-849 

MJ3041 

MJ3041 

2-3 

3-750 

MJ10041 

MJ10041 

2-21 

3-854 

MJ3042 

MJ3042 

2-3 

3-750 

MJ  10042 

MJ10042 

2-21 

3-869 

MJ3055 

MJ3055 

3-6 

MJ  10044 

MJ  10044 

2-21 

3-854 

MJ3055A 

MJ3055A 

343 

MJ  10045 

MJ10045 

2-21 

3-869 

MJ3237 

MJ3237 

2-8 

3-752 

MJ  10047 

MJ  10047 

2-21 

3-854 

MJ3238 

MJ3238 

2-8 

3-752 

MJ  10048 

MJ  10048 

2-21 

3-869 

MJ3247 

MJ3247 

2-8 

3-752 

MJ10050 

MJ  10050 

2-21 

3-883 

MJ3248 

MJ3248 

2-8 

3-752 

MJ  10051 

MJ  10051 

2-21 

3-891 

MJ4030 

MJ4030 

24 

3-756 

MJ  10052 

MJ  10052 

2-21 

3-891 

MJ4031 

MJ4031 

24 

3-756 

MJ10100 

MJ10100 

2-25 

3-899 

MJ4032 

MJ4032 

24 

3-756 

MJ10101 

MJ10101 

2-25 

3-907 

MJ4033 

MJ4033 

24 

3-756 

MJ10102 

MJ10102 

2-25 

3-907 

MJ4034 

MJ4034 

24 

3-756 

MJ10200 

MJ10200 

2-25 

3-915 

MJ4035 

MJ4035 

24 

3-756 

MJ10201 

MJ10201 

2-25 

3-923 

MJ4237 

MJ4237 

2-3 

3-752 

MJ10202 

MJ10202 

2-25 

3-923 

MJ4238 

MJ4238 

2-3 

3-752 

MJ11011 

MJ11011 

2-5 

3-931 

MJ4247 

MJ4247 

2-3 

3-752 

MJ11012 

MJ11012 

2-5 

3-931 

MJ4248 

MJ4248 

2-3 

3-752 

MJ11013 

MJ11013 

2-5 

3-931 

MJ4360 

MJE13002 

2-8 

3-1174 

MJ11014 

MJ11014 

2-5 

3-931 

□ 


*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 


1-31 


INDEX-CROSS  REFERENCE  (Continued) 


Motorola 

Motorola 

Selector 

Data 

Industry 

Direct 

Similar 

Guide 

Sheet 

Part  Number 

Replacement 

Replacement 

Page 

Page 

MJ11015 

MJ11015 

2-6 

3-931 

M  J 11016 

MJ11016 

2-6 

3-931 

MJ11017 

MJ11017 

2-4 

3-933 

MJ11018 

MJ11018 

24 

3-933 

MJ11019 

MJ11019 

2-4 

3-933 

MJ11020 

MJ11020 

2-4 

3-933 

MJ11021 

MJ11021 

2-4 

3-933 

MJ11022 

MJ11022 

24 

3-933 

MJ11028 

MJ11028 

2-6 

3-937 

MJ11029 

MJ11029 

2-6 

3-937 

MJ11030 

MJ11030 

2-6 

3-937 

MJ11031 

MJ11031 

2-6 

3-937 

MJ11032 

MJ11032 

2-6 

3-937 

MJ11033 

MJ11033 

2-6 

3-937 

MJ12002 

MJ12002 

2-2 

3-939 

MJ12003 

MJ 12003 

2-30 

3-944 

MJ12004 

MJ12004 

2-2 

3-946 

MJ12005 

MJ12005 

2-2 

3-952 

MJ 12010 

MJ12010 

2-4 

3-954 

MJ12020 

MJ12020 

2-2 

3-956 

MJ12021 

MJ  12021 

2-2 

3-956 

MJ  12022 

MJ12022 

24 

3-956 

MJ13010 

2N6547 

24 

3-263 

MJ13014 

MJ13014 

2-3 

3-966 

MJ13015 

MJ13015 

24 

3-966 

MJ13018 

MJ13330 

2-5 

3-996 

MJ13019 

MJ  13331 

2-5 

3-996 

MJ13070 

MJ 13070 

2-2 

3-972 

MJ13071 

MJ13071 

2-2 

3-972 

MJ13080 

MJ  13080 

2-3 

3-978 

MJ13081 

MJ  13081 

2-3 

3-978 

MJ  13090 

MJ  13090 

24 

3-984 

MJ13091 

MJ  13091 

24 

3-984 

MJ13100 

MJ13100 

2-5 

3-990 

MJ13101 

MJ13101 

2-5 

3-990 

MJ13330 

MJ13330 

2-5 

3-996 

MJ13331 

MJ13331 

2-5 

3-996 

MJ  13332 

MJ  13332 

2-5 

3-1002 

MJ13333 

MJ13333 

2-5 

3-1002 

MJ  13334 

MJ13334 

2-5 

3-1002 

MJ13336 

MJ13335 

2-5 

3-1002 

MJ14000 

MJ  14000 

2-6 

3-1008 

MJ14001 

MJ  14001 

2-6 

3-1008 

MJ14002 

MJ14002 

2-6 

3-1008 

MJ  14003 

MJ  14003 

2-6 

3-1008 

MJ  15001 

MJ15001 

24 

3-1012 

MJ 15002 

MJ15002 

24 

3-1012 

MJ  15003 

MJ15003 

2-5 

3-1015 

MJ15004 

MJ15004 

2-5 

3-1015 

MJ15011 

MJ15011 

2-2 

3-1018 

MJ15012 

MJ15012 

2-2 

3-1018 

MJ15015 

MJ15015 

24 

3-9 

MJ  IbUlb 

1111  C01  c 

MJlbOlb 

24 

3-9 

MJ15022 

MJ15022 

24 

3-1020 

MJ15023 

MJ  15023 

24 

3-1023 

MJ15024 

MJ15024 

2-5 

3-1020 

MJ  15025 

MJ15025 

2-5 

3-1023 

MJ15026 

MJ15026 

24 

3-1026 

MJ15027 

MJ15027 

24 

3-1026 

MJ16002 

MJ16002 

2-2 

3-1030 
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MJ16002A 

MJ16002A 

2-2 

3-1038 

MJ 16004 

MJ16004 

2-2 

3-1030 

MJ16006 

MJ16006 

2-31 

3-1045 

MJ16006A 

MJ16006A 

2-30 

3-1053 

MJ16008 

MJ16008 

2-31 

3-1045 

MJ16010 

MJ16010 

24 

3-1060 

MJ16010A 

MJ16010A 

24 

3-1068 

MJ16012 

MJ16012 

24 

3-1060 

MJ16014 

MJ16014 

2-5 

3-1076 

MJ16016 

MJ16016 

2-5 

3-1076 

MJ16018 

MJ16018 

24 

3-1084 

MJE29 

TIP29* 

2-17 

3-1254 

MJE29A 

TIP29A* 

2-17 

3-1254 

MJE298 

TIP29B* 

2 

17 

3-1254 

MJE29C 

TIP29C 

2 

17 

3-1254 

MJE30 

TIP30* 

2-17 

3-1254 

MJE30A 

TIP30A" 

2-17 

3-1254 

MJE30B 

TIP30B* 

2-17 

3-1254 

MJE30C 

TIP30C* 

2-17 

3-1254 

MJE31 

TIP31* 

2-17 

3-1256 

MJE31A 

TIP31A* 

2-17 

3-1256 

MJE31B 

TIP31B* 

2-17 

3-1256 

MJE31C 

TIP31C* 

2-17 

3-1256 

MJE32 

TIP32* 

2-17 

3-1256 

MJE32A 

TIP32A* 

2-17 

3-1256 

MJE32B 

TIP32B* 

2-17 

3-1256 

MJE32C 

TIP32C* 

17 

3-1256 

MJE33 

TIP41 

18 

3-1266 

MJE33A 

TIP/1 A 
1 1  r  H 1  f\ 

2 

18 

3-1266 

MJE33B 

M  r  <i  1 D 

2-18 

3-1266 

MJE33C 

TIP41C 

2-18 

3-1266 

MJE34 

TIP42 

2-18 

3-1266 

MJE34A 

TIP42A 

2 

18 

3-1266 

MJE34B 

TIP42B 

2 

18 

3-1266 

MJE34C 

TIP42C 

2-18 

3-1266 

MJE41 

TIP41 

2-18 

3-1266 

MJE41A 

TIP41A 

2-18 

3-1266 

MJE41B 

TIP41B 

2-18 

3-1266 

MJE41C 

TIP41C 

2 

18 

3-1266 

MJE42 

TIP42 

2-18 

3-1266 

MJE42A 

TIP42A 

2 

18 

3-1266 

MJE42B 

TIP42B 

2 

18 

3-1266 

MJE42C 

TIP42C 

2 

18 

3-1266 

MJE47 

TIP47 

2 

17 

3-1270 

MJE48 

TIP48 

2 

17 

3-1270 

MJE49 

TIP49 

2 

17 

3-1270 

MJE51 

2N6497 

2-18 

3-249 

MJE51T 

2N6497 

2-18 

3-249 

MJE52 

2N6498 

2-18 

3-249 

MJE52T 

2N6498 

2-18 

3-249 

MJE53 

2N6499 

2-18 

3-249 

MJE53T 

2N6499 

2-18 

3-249 

m  lorn 
MJt  IU I 

2N5974 

2-11 

3-151 

MJE102 

2N5975 

2-11 

3-151 

MJE103 

2N5976 

2-11 

3-151 

MJE104 

2N5976 

2-11 

3-151 

MJE105 

MJE105 

2-11 

3-1090 

MJE105K 

TIP42A 

2-18 

3-1266 

MJE170 

MJE170 

2-9 

3-1092 

MJE171 

MJE171 

2-10 

3-1092 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
*•  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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MJE172 

MJE172 

2-10 

3-1092 

MJE180 

MJE180 

2-9 

3-1092 

M  IF1A1 

MJE181 

2-10 

3-1 092 

Ml  IF1A9 
IVIJ  C  1  oz 

MJE182 

2-10 

3-1092 

y  IF9fin 

IVIJCZUU 

MJE200 

2-10 

3-1096 

y  iF?ni 

IVIJ  CZU  1 

2N5977 

2-1 1 

3-1 54 

\A  IF909 

2N5978 

2-1 1 

3-154 

y  if 9m 

IVIJCZUO 

2N5978 

2-1 1 

^-1 

0  I  0** 

M  IF 90 A 
IV1JCZU4 

2N5979 

2-1 1 

t-1 

IVIJlZUj 

U 

JE205 

2-1 1 

3-11 00 

MJE205K 

TIP41A 

2-18 

3-1266 

MJE210 

MJE210 

2-10 

3-1096 

y  IF990 

IVIJCZZU 

MJE181* 

9.1  n 

Z  I  u 

1  10.Q9 
O  I U3Z 

M  IF991 

IVIJ  CZZ  1 

MJE181* 

9-1  n 

Z  IU 

1  1fiQ9 
0  1  U3Z 

M  IF999 

IVIJCZZZ 

MJE181* 

9-i  n 

Z  IU 

1  1f1Q9 
0  1  UiJZ 

IVIJtZZO 

MJE182* 

9  in 
z- 1  u 

9  10Q9 
0- 1 U3Z 

y  IF99A 
IVIJ  LZZh 

MJE182* 

9  m 
z-iu 

9  10Q9 

o- 1  uaz 

IVIJCZZO 

MJE182* 

9  m 

Z  I  u 

9  10Q9 

o- 1  uuz 

M  IF990 
IVIJCZOU 

MJE171* 

9  in 

Z IU 

9  10Q9 
0- 1 U3Z 

y  IF9Q1 

MJE171* 

9  10 
Z-IU 

9  10Q9 

o- 1  uyz 

MJE232 

MJE171* 

2-10 

3-1092 

MJE233 

MJE172" 

2-10 

3-1092 

IVIJLZ04 

MJE172* 

9  10 

z- 1  u 

9  10Q9 

o-  i  uyz 

IVUtZOO 

MJE172* 

9  10 
Z  IU 

9.1 0Q9 

o-iuyz 

M  IF9A0 

MJE240 

9  10 
z- 1 U 

9-1 109 
0*1  IUZ 

y  IF9A1 

MJE241 

9  10 
Z  I  u 

9-1 109 
J- 1  I UZ 

y  IF9A9 
IVIJ  LZ^Z 

MJE242 

9  10 
Z  I  u 

9  1 109 
0*  I  I  UZ 

y  iF9^o 

IVIJLZhO 

MJE243 

9  10 
L- I U 

9  1 1  09 
O-l  (UZ 

y  |C9yl/l 
IVUtZ44 

MJE244 

9  10 
Z- 1 U 

1.1 109 
J- 1  IUZ 

y  iFocin 

IVJJlZjU 

MJE250 

9  10 
Z- 1 U 

9  1 109 

o-i  iuz 

MJE251 

MJE251 

2-10 

3-1102 

MJE252 

MJE252 

2-10 

3-1102 

y  ifoco 
IVUtzDO 

MJE253 

9  10 

z-IU 

9  1 109 

o-l Iuz 

y  |F9C/ 

MJE254 

9  i  n 
z-IU 

9  1 109 

O-l  lUz 

M  IC970 

MJtz/U 

MJE270 

9  Q 

z-y 

9  1 10ft 

ka  IC771 

MJE271 

z-y 

3-1 106 

MJto4U 

MJE340 

z-y 

3-1 108 

MJto4UI\ 

TIP48 

z-l  / 

9  1  970 

o-lz/U 

y  rCOyl  1 

MJto4 I 

MJE341 

z-y 

9  1110 
o-l  I  IU 

MJt:o4  1 l\ 

TIP47 

9  17 
z-l  / 

9  1  970 

o-lz/U 

MJE344 

MJE344 

2-9 

3-1110 

MJE344K 

TIP47 

£17 

3-1270 

MJL040 

MJE3439 

O  Q 

z-y 

9  1 19G 

o-l  lou 

M  IF9K0 
IVIJLOjU 

MJE350 

9  Q 

z-y 

9  1119 

o-l  I  Iz 

y  IF970 
IVIJCO/U 

MJE370 

9  Q 

z-y 

9  1 114 

O-l  I  \H 

IVUtJ/UK 

TIP32 

9  17 
Z-l  / 

9  19R0 

o- 1 ZuU 

y  IC971 
IVIJ  CO/  1 

MJE371 

9  10 
Z-IU 

9  1 1 1ft 

o-l  I  Id 

y  iF^iif 

mJtO/  1 K 

TIP32 

ZH  / 

9  1  9C0 
o- 1  ZOU 

mJt4oz 

2N5190 

9  1fl 
Z-IU 

9  QO 

o-yu 

2N5191 

9  10 

z-IU 

9  QO 

o-yu 

MJE484 

2N5192 

2-10 

3-90 

MJE488 

2N5191 

2-10 

3-90 

MJE492 

2N5193 

2-10 

3-94 

MJE493 

2N5194 

2-10 

3-94 

MJE494 

2N5195 

2-10 

3-94 

MJE520 

MJE520 

2-9 

3-1118 

MJE520K 

TIP31 

2-17 

3-1256 

MJE521 

MJE521 

2-10 

MJE521K 

TIP31 

2-17 

3-1256 

MJE700 

MJE700 

2-10 

3-1120 

0 
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MJE700T 

MJE700T 

2-18 

3-1120 

MJE701 

MJE701 

2-10 

3-1120 

MJE701T 

MJE701T 

2-18 

3-1120 

MJE702 

MJE702 

2-10 

3-1120 

i.  A  innlT 

MJb7021 

MJE702T 

2-18 

3-1120 

MJE703 

MJE703 

2-10 

3-1120 

MJb/Uol 

MJE703T 

2-18 

3-1 1 20 

MJt/lU 

MJE710 

2-9 

— 

MJE711 

MJE711 

2-9 

MJE712 

MJE712 

2-9 

— 

MJE720 

MJE720 

2-9 

— 

MJE721 

MJE721 

2-9 

— 

MJE722 

MJE722 

2-9 

MJE800 

MJE800 

2-10 

3-1120 

MJtoOOl 

MJE800T 

2-18 

3-1 1 20 

MJhoOl 

MJE801 

2-10 

3-1 1 20 

MJE801T 

2-18 

3-1120 

MJE802 

MJE802 

2-10 

3-1120 

MJE802T 

MJE802T 

2-18 

3-1120 

it  a  i  rnr»o 

MJtoOJ 

MJE803 

2-10 

3-1120 

MJE803T 

MJE803T 

2-18 

3-1120 

MJE1090 

MJE1090 

2-11 

3-1124 

MJE1091 

MJE1091 

2-11 

3-1 1 24 

MJE1092 

MJE1092 

2-11 

3-1124 

MJE1093 

MJE1093 

2-11 

3-1124 

MJE1100 

MJE1100 

2-11 

3-1124 

MJE1 101 

MJE1101 

2-11 

3-1124 

MJtllUz 

MJE1102 

2-11 

3-1124 

MJE1 103 

MJE1103 

2-11 

3-1124 

M  in  inn 

MJE1290 

MJE1290 

2-11 

3-1126 

MJE1291 

MJE1291 

2-11 

3-1126 

MJE1660 

MJE1660 

2-11 

3-1126 

MJE1661 

H 

JE1661 

TIP42 

2-11 

3-1126 

MJE2010 

2-18 

3-1266 

MJE2011 

TIP42A 

2-18 

3-1266 

MJE2020 

TIP41 

2-18 

3-1266 

MJE2021 

TIP41A 

2-18 

3-1266 

MJE2050 

MJE200 

2-10 

3-1096 

MJE2056 

MJE3055 

2-11 

3-1132 

MJE2090 

TIP125 

2-18 

3-1281 

MJE2091 

TIP125 

2-18 

3-1281 

MJE2092 

TIP126 

2-18 

3-1281 

MJE2093 

TIP126 

2-18 

3-1 281 

MJE2100 

TIP120 

2-18 

3-1281 

k  a  irn  a  - 

MJE2101 

TIP120 

2-18 

3-1281 

MJE2102 

Ttf  121 

2-18 

3-1281 

jk  a  irn 

MJE2103 

TIP121 

2-18 

3-1281 

k  a  irn  rfl 

MJE2150 

MJE210 

2-10 

3-1096 

MJE2160 

TIP48 

2-15 

3-1270 

MJE2360 

MJE2360T 

2-17 

3-1128 

MJE2360T 

MJE2360T 

2-17 

3-1128 

MJE2361 

MJE2361T 

2-17 

3-1128 

MJE2361T 

MJE2361T 

2-17 

3-1128 

MJE2370 

TIP32 

2-15 

3-1256 

MJE2371 

TIP32A 

2-15 

3-1256 

MJE2480 

TIP31 

2-17 

3-1256 

MJE2481 

TIP31A 

2-17 

3-1256 

MJE2482 

2N6121 

2-18 

3-185 

MJE2483 

2N6122 

2-18 

3-185 

MJE2490 

TIP32 

2-15 

3-1256 

*  Consult  factory  if  a  direct  replacement  is  necessary. 

*  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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MJE2491 

TIP32A 



2-15 

3-1256 

MJE2520 

TIP31 

2-17 

3-1256 

MJE2521 

TIP31A 

2-17 

3-1256 

MJE2522 

TIP31 

2-17 

3-1256 

MJE2523 

TIP31A 

2-17 

3-1256 

MJE2801 

MJE2801 

2-11 

3-1130 

MJE2801K 

MJE2801T 

2-11 

3-1130 

MJE2801T 

MJE2801T 

2-11 

3-1130 

MJE2901 

MJE2901 

2-11 

3-1130 

MJE2901K 

MJE2901T 

2-11 

3-1130 

MJE2901T 

MJE2901T 

2-11 

3-1130 

MJE2955 

MJE2955 

2-11 

3-1132 

MJE2955K 

MJE2955T 

2-11 

3-1132 

MJE2955T 

MJE2955T 

2-11 

3-1132 

MJE3055 

MJE3055 

2-11 

3-1132 

MJE3055K 

MJE3055T 

2-11 

3-1132 

MJE3055T 

MJE3055T 

2-11 

3-1132 

MJE3300 

MJE3300 

2-10 

3-1134 

MJE3301 

MJE3301 

2-10 

3-1134 

MJE3302 

MJE3302 

2-10 

3-1134 

MJE3310 

MJE3310 

2-10 

3-1134 

MJE3311 

MJE3311 

2-10 

3-1134 

MJE3312 

MJE3312 

2-10 

3-1134 

MJE3370 

MJE370 

2-9 

3-1114 

MJE3371 

2N5193 

2-10 

3-94 

MJE3439 

MJE3439 

2-9 

3-1136 

MJE3440 

MJE3440 

2-9 

3-1136 

MJE3520 

MJE520 

2-9 

3-1118 

MJE3521 

M2N5190 

2-10 

3-90 

MJE3738 

TIP47 

2-17 

3-1270 

MJE3739 

TIP48 

2-17 

3-1270 

MJE4340 

MJE4340 

2-15 

3-1138 

MJE4341 

MJE4341 

2-15 

3-1138 

MJE4342 

MJE4342 

2-15 

3-1138 

MJE4343 

MJE4343 

2-15 

3-1138 

MJE4350 

MJE4350 

2-15 

3-1138 

MJE4351 

MJE4351 

2-15 

3-1138 

MJE4352 

MJE4352 

2-15 

3-1138 

MJE4353 

MJE4353 

2-15 

3-1138 

MJE4918 

TIP30 

2-17 

3-1254 

MJE4919 

TIP30A 

2-17 

3-1254 

MJE4920 

TIP30B 

2-17 

3-1254 

MJE4921 

TIP29 

2-17 

3-1254 

MJE4922 

TIP29A 

2-17 

3-1254 

MJE4923 

TIP29B 

2-17 

3-1254 

MJE5170 

MJE5170 

2-18 

3-1 142 

MJE5171 

MJE5171 

2-18 

3-1142 

MJE5172 

MJE5172 

2-18 

3-1142 

MJE5180 

MJE5180 

2-18 

3-1 142 

MJE5181 

MJE5181 

2-18 

3-1142 

MJE5182 

MJE5182 

2-18 

3-1142 

MJE5190 

2N6121 

2-18 

3-185 

MJE5191 

2N6122 

2-18 

3-185 

MJE5192 

2N6123 

2-18 

3-185 

MJE5193 

2N6124 

2-18 

3-185 

MJE5194 

2N6125 

2-18 

3-185 

MJE5195 

2N6126 

2-18 

3-185 

MJE5655 

TIP47 

2-17 

3-1270 

MJE5656 

TIP48 

2-17 

3-1270 

MJE5657 

TIP49 

r 

3-1270 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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MJE5730 

MJE5730 

2-17 

3-1146 

MJE5731 

MJE5731 

2-17 

3-1146 

MJE5732 

MJE5732 

2-17 

3-1146 

MJE5740 

MJE5740 

2-19 

3-1150 

MJE5741 

MJE5741 

2-19 

3-1150 

MJE5742 

MJE5742 

2-19 

3-1150 

MJE5850 

MJE5850 

2-19 

3-1154 

MJE5851 

MJE5851 

2-19 

3-1154 

MJE5852 

MJE5852 

2-19 

3-1154 

MJE5960 

2N6489 

2-20 

3-245 

MJE5974 

TIP42 

2-18 

3-1266 

MJE5975 

TIP42A 

2-18 

3-1266 

MJE5976 

TIP42B 

2-18 

3-1266 

MJE5977 

TIP41 

2-18 

3-1266 

MJE5978 

TIP41A 

2-18 

3-1 266 

MJE5979 

TIP41B 

2-18 

3-1266 

MJE5980 

2N6489 

2-20 

3-245 

MJE5981 

2N6490 

2-20 

3-245 

MJE5982 

2N6491 

2-20 

3-245 

MJE5983 

2N6486 

2-20 

3-245 

MJE5984 

2N6487 

2-20 

3-245 

MJE5985 

2N6488 

2-20 

3-245 

MJE6040 

MJE6040 

2-11 

3-165 

MJE6041 

MJE6041 

2-11 

3-165 

MJE6042 

MJE6042 

2-11 

3-165 

MJE6043 

MJE6043 

2-11 

3-165 

MJE6044 

MJE6044 

2-11 

3-165 

MJE6045 

MJE6045 

2-11 

3-1 65 

MJE8500 

MJE8500 

2-17 

3-1160 

MJE8501 

MJE8501 

2-17 

3-1160 

MJE8502 

MJE8502 

2-18 

3-1166 

MJE8503 

MJE8503 

2-18 

3-1166 

MJE12007 

MJE12007 

2-17 

3-1172 

MJE13002 

MJE 13002 

2-9 

3-1174 

MJE13003 

MJE 13003 

2-9 

3-1 1 74 

MJE13004 

MJE13004 

2-18 

3-1180 

MJE13005 

MJE13005 

2-18 

3-1180 

MJE 13006 

MJE13006 

2-19 

3-1186 

MJE13007 

MJE13007 

2-19 

3-1186 

MJE13008 

MJE13008 

2-20 

3-1194 

MJE13009 

MJE13009 

2-20 

3-1194 

MJE13070 

MJE13070 

2-18 

3-1200 

MJE13071 

MJE13071 

2-18 

3-1 200 

MJE15028 

MJE 15028 

2-19 

3-1 208 

MJE15029 

MJE15029 

2-19 

3-1 208 

MJE15030 

MJE15030 

2-19 

3-1 208 

MJE15031 

MJE15031 

2-19 

3-1 208 

MJE16002 

MJE16002 

2-31 

3-1212 

MJE16004 

MJE16004 

2-31 

3-1212 

MJH6282 

MJH6282** 

2-16 

MJH6283 

MJH6283" 

2-16 

- 

MJH6284 

MJH6284" 

2-16 

MJH6285 

MJH6285" 

2-16 

— 

MJH6286 

MJH62R6" 

2-16 

MJH6287 

MJH6287" 

2-16 

MJH11017 

MJH11017" 

2-15 

MJH11018 

MJH11018" 

2-15 

MJH11019 

MJH11019" 

2-15 

MJH11020 

MJH11020" 

2-15 

MJH11021 

MJH11021" 

2-15 
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MJH11022 

MJH11022" 

2-15 

— 

MJH12004 

MJH12004 

t 

3-946 

MJH13090 

MJH13090 

3-984 

MJH 13091 

MJH13091 



3-984 

MJH16002 

MJH16002 

2-15 

3-1030 

MJH16002A 

MJH16002A 

2-15 

3-1038 

MJH16004 

MJH16004 

2-15 

3-1030 

MJH16006 

MJH16006 

2-15 

3-1045 

MJH16006A 

MJH16006A 

2-15 

3-1053 

MJH16008 

MJH16008 

2-15 

3-1045 

MJH16010 

MJH16010 

2-15 

3-1060 

MJH16010A 

MJH16010A 

2-15 

3-1068 

MJH16012 

MJH16012 

2-15 

3-1060 

MJH16018 

MJH16018 

2-30 

3-1084 

MPC900 

MC1563  & 

2-4 

3-172 

■ 

2N6050 

MPC1000 

MC1726  & 

2-8 

3-180 

2N6077 

MPSU01 

MPSU01 

2-12 

3-1220 

MPSU01A 

MPSU01A 

2-12 

3-1220 

MPSU02 

MPSU02 

2-12 

3-1222 

MPSU03 

MPSU03 

2-12 

3-1224 

MPSU04 

MPSU04 

2-12 

3-1224 

MPSU05 

MPSU05 

2-12 

3-1228 

MPSU06 

MPSU06 

2-12 

3-1228 

MPSU07 

MPSU07 

2-12 

3-1230 

MPSU10 

MPSU10 

2-12 

3-1232 

MPSU11 

MPSU10 

2-12 

3-1232 

MPSU12 

MPSU45 

2-12 

3-1238 

MPSU31 

MPSU31 

2-12 

3-1235 

MPSU45 

MPSIM5 

2-12 

3-1238 

MPSU47 

MPSU31 

2-12 

3-1241 

MPSU51 

MPSU51 

2-12 

3-1241 

MPSU51A 

MPSU51A 

2-12 

3-1241 

MPSU52 

MPSU52 

2-12 

3-1243 

MPSU55 

MPSU55 

2-12 

3-1245 

MPSU56 

MPSU56 

2-12 

3-1245 

MPSU57 

MPSU57 

2-12 

3-1247 

MPSU60 

MPSU60 

2-12 

3-1249 

MPSU95 

MPSU95 

2-12 

3-1251 

NSD102 

2N6551 

2-13 

3-270 

NSD103 

2N6551 

2-13 

3-270 

NSD104 

2N6552 

2-14 

3-270 

NSD105 

2N6552 

2-14 

3-270 

NSD106 

2N6553 

2-14 

3-270 

NSD131 

2N6557 

2-13 

3-277 

NSD132 

2N6557 

2-13 

3-277 

NSD133 

2N6558 

2-13 

3-277 

NSD134 

2N6558 

2-13 

3-277 

NSD135 

2N6559 

2-13 

3-277 

NSD151 

2N6649 

2-14 

3-267 

NSD152 

2N6548 

2-14 

3-267 

NSD202 

2N6S54 

2-13 

3-274 

NSD203 

2N6554 

2-13 

3-274 

NSD204 

2N6555 

2-14 

3-274 

NSD205 

2N6555 

2-14 

3-274 

NSD206 

2N6556 

2-14 

3-274 

NSD3439 

MJE3439 

2-9 

3-1136 

NSD3440 

MJE3440 

2-9 

3-1136 

NSDU01 

MPSU01 

2-12 

3-1220 
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NSDU01A 

MPSU01 

2-12 

3-1220 

NSDU05 

MPSU05 

2-12 

3-1228 

NSDU06 

MPSU06 

2-12 

3-1228 

NSDU07 

MPSU07 

2-12 

3-1230 

NSDU45 

MPSU45 

2-12 

3-1228 

NSDU51 

MPSU51 

2-12 

3-1241 

NSDU51/1 

MPSU51A 

2-12 

3-1241 

NSDU55 

MPSU55 

2-12 

3-1235 

NSDU56 

MPSU56 

2-12 

3-1235 

NSDUS7 

MPSU57 

2-12 

3-1247 

NSE170 

MJE170 

2-9 

3-1092 

NSE171 

MJE171 

2-10 

3-1092 

NSE180 

MJE180 

2-9 

3-1092 

NSE181 

MJE181 

2-10 

3-1092 

NSP41 

TIP41 

2-18 

3-1266 

NSP41A 

TIP41A 

2-18 

3-1266 

NSP41B 

TIP41B 

2-18 

3-1266 

NSP41C 

TIP41C 

2-18 

3-1266 

NSP42 

TIP42 

2-18 

3-1266 

NSP42A 

TIP42A 

2-18 

3-1266 

NSP42B 

TIP42B 

2-18 

3-1266 

NSP42C 

TIP42C 

2-18 

3-1266 

NSP105 

TIP42A 

2-18 

3-1266 

NSP205 

TIP41A 

2-18 

3-1266 

NSP370 

TIP32 

2-17 

3-1256 

NSP371 

TIP32 

2-17 

3-1256 

NSP520 

TIP31 

2-17 

3-1256 

NSP521 

TIP31 

2-17 

3-1256 

NSP575 

TIP29A 

2-17 

3-1254 

NSP576 

TIP30A 

2-17 

3-1254 

NSP577 

TIP29A 

2-17 

3-1254 

NSP578 

TIP30A 

2-17 

3-1254 

NSP579 

TIP29B 

2-17 

3-1254 

NSP580 

TIP30B 

2-17 

3-1254 

NSP581 

TIP29C 

2-17 

3-1254 

NSP582 

TIP30C 

2-17 

3-1254 

NSP585 

TIP29A 

2-17 

3-1254 

NSP586 

TIP30A 

2-17 

3-1254 

NSP587 

TIP29A 

2-17 

3-1254 

NSP588 

TIP30A 

2-17 

3-1254 

NSP589 

TIP29B 

2-17 

3-1254 

NSP590 

TIP30B 

2-17 

3-1254 

NSP595 

TIP31A 

2-17 

3-1256 

NSP596 

TIP31A 

2-17 

3-1256 

NSP597 

TIP31A 

2-17 

3-1256 

NSP598 

TIP32A 

2-17 

3-1256 

NSP599 

TIP31B 

2-17 

3-1256 

NSP600 

TIP32B 

2-17 

3-1256 

NSP695 

TIP120 

2-18 

3-1281 

NSP695A 

TIP100 

2-19 

3-1274 

NSP696 

TIP125 

2-18 

3-1281 

NSP696A 

TIP105 

2-19 

3-1274 

NSP697 

TIP120 

2-18 

3-1281 

NSP697A 

TIP100 

2-19 

3-1274 

NSP698 

TIP125 

2-18 

3-1281 

NSP698A 

TIP105 

2-19 

3-1274 

NSP699 

TIP121 

2-18 

3-1281 

NSP699A 

TIP101 

2-19 

3-1274 

NSP700 

TIP126 

2-18 

3-1281 

NSP700A 

TIP106 

2-19 

3-1274 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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NSP701 

TIP122 

2-18 

3-1281 

NSP702 

TIP127 

2-18 

3-1 281 

NSP2010 

TIP42 

2-18 

3-1266 

NSP201 1 

TIP42A 

2-18 

3-1266 

NSP2021 

TIP41A 

2-18 

3-1266 

NSP2090 

TIP125 

2-18 

3-1281 

NSP2091 

TIP125 

2-18 

3-1281 

NSP2092 

TIP126 

2-18 

3-1281 

NSP2093 

TIP126 

2-18 

3-1281 

NSP2100 

TIP120 

2-18 

3-1281 

NSP2101 

TIP120 

2-18 

3-1281 

NSP210? 

Tin  21 

2-18 

3-1 281 

NSP2103 

TIP121 

2-18 

3-1281 

NSP2370 

TIP32 

2-17 

3-1256 

NSP2480 

TIP31 

2-17 

3-1256 

NSP2481 

TIP31A 

2-17 

3-1256 

NSP2490 

TIP32 

2-17 

3-1256 

NSP2491 

TIP32A 

2-17 

3-1256 

TIP31 

2-17 

3-1256 

NSP2955 

MJE2955T 

2-11 

3-1132 

NSP3054 

TIP31A 

2-17 

3-1256 

NSP3055 

M  IF3055T 

2-11 

3-1132 

NSP4918 

TIP30 

2-17 

3-1254 

NSP491 9 

TIP30A 

2-17 

3-1254 

NSP4920 

TIP30B 

2-17 

3-1254 

NSP4921 

TIP29 

2-17 

3-1254 

NSP4922 

TIP29A 

2-17 

3-1254 

NSP4923 

TIP29B 

2-17 

3-1254 

NSP5190 

2N6121 

2-18 

3-185 

NSP5191 

2N6122 

2-18 

3-185 

NSP5192 

2N6123 

2-18 

3-185 

ZfNO  1 ZH 

9  1Q 

Q  1  QK 

NSP5194 

2N6125 

2-18 

3-185 

NSP5195 

2N6126 

2-18 

3-185 

NSP5974 

TIP42 

3-1266 

NSP5975 

TIP42A 

2-18 

3-1266 

NSP5976 

TIP42B 

2-18 

3-1266 

NSP5977 

TIP41 

2-18 

3-1266 

NSP5978 

TIP41A 

2-18 

3-1266 

NSP5979 

TIP41B 

2-18 

3-1266 

NSP5980 

2N6489 

2-20 

3-245 

Mcpcqoi 
INor330  1 

9  9fi 

L'VJ 

9  9/K 

NSP5982 

2N6491 

2-20 

3-245 

NSP5983 

2N6486 

2-20 

3-245 

NSP5984 

2N6487 

2-20 

3-245 

NSP5985 

2N6488 

2-20 
24 

3-245 

PM26K380 

MJ13015 

3-966 

PM27K380 

2N6543 

2-2 

3-253 

PMD10K40 

2N6057 

24 

3-172 

PMD10K-60 

2N6057 

14 

3-172 

PMD10K-80 

2N6058 

24 

3-172 

PMD10K-100 

2N6059 

14 

3-172 

PMD11K-40 

2N6050 

24 

3-172 

PMD11K-60 

2N6050 

24 

3-172 

PMD11K-80 

2N6051 

24 

3-172 

PMD11K.-100 

2N6052 

24 

3-172 

PMD12K40 

MJ1000 

2-5 

3-744 

PMD12K-60 

MJ1000 

2-5 

3-744 

PMD12K-80 

MJ1001 

2-5 

3-744 

PMD12K-100 

2N6059 

24 
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PMD13K40 

MJ900 

2-3 

3-744 

PMD13K-60 

IVIJ3UU 

•j-/t¥* 

PMD13K-80 

MJ901 

2-3 

3-744 

PMD13K- 

00 

2N6052 

24 

3-172 

PMD16K40 

2N6282 

2-5 

3-209 

PMD16K-60 

2N6282 

2-5 

3-209 

PMD16K-80 

2N6283 

2-5 

3-209 

PMD16K-100 

2N6284 

2-5 

3-209 

PMD17K40 

2N6285 

2-5 

3-209 

PMD17K-60 

2N6284 

2-5 

3-209 

PMD17K-80 

2N6286 

2-5 

3-209 

PMD17K-100 

OMCOQl 

z-o 

9  9uQ 

PMD20K-120 

2N6578 

24 

3-284 

PMD25K-120 

2N6578 

24 

3-284 

PMD1600K 

2N6282 

2-5 

3-209 

PMD1601K 

2N6282 

2-5 

3-209 

PMD1602K 

2N6283 

2-5 

3-209 

PMD1603K 

2N6284 

2-5 

3-209 

PMD170C 

K 

2N6285 

2-5 

3-209 

PMD1701 

K 

2N6285 

2-5 

3-209 

PMD1702K 

2N6286 

2-5 

3-209 

PMD1703K 

OMCOQ7 

9  ^ 

9  9uQ 

2N5878 

2-3 

3-140 

nLA  1  DIM 

MJ15022 

24 

3-1020 

RCA1B05 

MJ15024 

2-5 

3-1020 

RCA1B06 

MJ15003 

2-5 

3-1015 

RCA1B09 

MJ15024 

2-5 

3-1020 

RCA1C03 

MJE15028 

2-19 

3-1208 

RCA1C04 

MJE15029 

2-19 

3-1208 

RCA1C05 

2N6130 

2-19 

— 

RCA1C06 

2N6133 

2-19 

- 

RCA1C07 

IVIJLoUau  1 

2-11 

3-1132 

RCA1C08 

MJE2955T 

2-11 

3-1132 

RCA1C09 

MJE3055T 

2-11 

3-1132 

RCA1C10 

2N6292 

2-19 

3-182 

RCA1C11 

2N6107 

2-19 

3-182 

RCA1C12 

MJE15028 

2-19 

3-1208 

RCA1C13 

MJE15029 

2-19 

3-1208 

RCA1C14 

2N6290 

2-19 

3-182 

RCA1C15 

2N6388 

2-20 

3-237 

RCA1C16 

2N6668 

2-20 

3-295 

RCA1E02 

ZINooOJ 

9  Q 
z-0 

o  on 
J-2U 

RCA1E03 

2N6420 

2-8 

3-20 

RCA29 

TIP29 

2-17 

3-1254 

RCA29A 

TIP29A 

2-17 

3-1254 

RCA29B 

TIP29B 

2-17 

3-1254 

RCA29C 

TIP29C 

2-17 

3-1254 

RCA30 

TIP30 

2-17 

3-1254 

RCA30A 

TIP30A 

2-17 

3-1254 

RCA30B 

TIP30B 

2-17 

3-1254 

RCA30C 

TIP30C 

2-17 

3-1254 

RCA31 

TIP31 

2-17 

3-1256 

RCA31A 

TIP31A 

2-17 

3-1 256 

RCA31B 

TIP31B 

2-17 

3-1256 

RCA31C 

TIP31C 

2-17 

3-1256 

RCA32 

TIP32 

2-17 

3-1256 

RCA32A 

TIP32A 

2-17 

3-1256 

RCA32B 

TIP32B 

2-17 

3-1256 

RCA32C 

TIP32C 

2-17 

3-1256 

RCA41 

TIP41 

2-18 

3-1266 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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2N5632 

24 

3-122 

2N5633 

24 

3-122 

zNbbby 

24 

3-280 

2N4231A 

2-8 

3-64 

2N4232A 

2-8 

3-64 

2N4233A 

2-8 

m 

2N4231A 

2-8 

ZSA 

2N4232A 

2-8 

3*4 

2N4233A 

2-8 

m 

2N3713 

2-3 

3-26 

2N3715 

2-3 

3-26 

2N3716 

2-3 

3-26 

zNbJOJ 

2-5 

3-98 

2N5629 

24 

3-118 

2N6630 

24 

3-118 

2N5882 

24 

3-143 

2N5629 

24 

3-118 

2N5630 

24 

3-118 

2N3055 

24 

2N5039 

2-5 

3-86 

2N5347 

2-28 

3-110 

2N5347 

2-28 

3-110 

2N5347 

2-28 

3-110 

2N5347 

2-28 

3-110 

2N5347 

2-28 

3-110 

2N6546 

24 

3-263 

2N6547 

24 

3-263 

2N6547 

24 

3-263 

MJ13091 

24 

3-984 

MJ13091 

24 

3-984 

2N5346 

&\  IU 

2N5346 

- 

3-110 

2N5348 

3-110 

2N5346 

3-110 

2N5346 

— 

3-110 

2N5346 

_ 

3-110 

SE9300 

2-19 



SE9301 

2-20 



SES 

302 

2-20 



MJ1000 

2-3 

3-744 

MJ1001 

2-3 

3-744 

MJ4032 

24 

3-756 

MJ4034 

24 

V7RP 

MJ4035 

24 

3-756 

2N3739 

2-8 

3-37 

SE9400 

2-19 

— 

SE9401 

2-20 

— 

SE9402 

2-20 

_ 

MJ900 

2-3 

3-744 

MJ901 

2-3 

3-744 

MJ4030 

24 

3-756 

MJ4031 

24 

3-756 

MJ4032 

24 

3-756 

2N6558 

I'M 

3-277 

2N5632 

2-3 

3-122 

2N6306 

2-3 

3-218 

2N6306 

2-3 

3-218 

MJ15022 

24 

3-1020 

2N5838 

2-2 

3-137 

2N5838 

2-2 

3-137 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 


1-39 


INDEX-CROSS  REFERENCE  (Continued) 


Industry 
Part  Number 

Motorola 
Direct 
Replacement 

Motorola 
Similar 
Replacement 

Selector 
Guide 
Page 

Data 
Sheet 
Page 

svT25n-5r 

■J  V  i  £.\}{r\J\s 

ZINOOUO 

9-9 
Z  0 

9-91fi 
O-Z  10 

SVT250-10 

2N6306 

2-3 

3-218 

SVT250-10C 

MJ15024 

2-5 

3-1020 

SVT300-3C 

2N6307 

2-3 

3-218 

SVT300-5 

2N6542 

2-2 

3-253 

SVT300-5C 

2N6307 

2-3 

3-218 

SVT300-10 

2N6307 

2-3 

3-218 

SVT300-10C 

MJ 13090 

24 

3-984 

SVT350-3 

2N6545 

2-3 

3-259 

SVT350-3C 

2N( 

308 

2-3 

3-218 

2N5840 

9-9 

Z  Z 

9-197 

SVT350-5C 

MJ13080 

2-3 

3-978 

SVT350-12 

2N6547 

24 

3-263 

SVT400-3 

2N6545 

2-3 

3-259 

SVT400-3C 

2N6543 

2-2 

3-253 

SVT400-5 

2N6543 

2-2 

3-253 

SVT400-5C 

2N6545 

2-3 

3-259 

SVT400-12 

MJ13090 

2-4 

3-984 

SVT450-3 

2N6545 

2-3 

3-259 

SVT450-3C 

MJ 

3334 

24 

3-1002 

2Nf 

IrL 

SVT450-5C 

MJ 

3080 

2-3 

3-978 

SVT6000 

MJ 

0004 

2-5 

3-802 

SVT6001 

MJ 

0004 

2-5 

3-802 

SVT6002 

MJ 

0005 

2-5 

3S02 

SVT6060 

MJ 

0004 

2-5 

3-802 

SVT6061 

0004 

2-5 

3-802 

SVT6062 

MJ  10005 

2-5 

3-802 

SVT6251 

MJ10006 

2-3 

3-808 

SVT6252 

MJ10006 

2-3 

3-808 

OV 1 OZOO 

MJ10007 

9  9 
Z  0 

J-0U0 

SVT6546 

MJ 

3090 

24 

3-984 

SVT6547 

MJ 

3090 

24 

3-984 

SVT7520 

2N6543 

2-2 

3-253 

SVT7521 

2N6543 

2-2 

3-253 

SVT7522 

MJ13335 

2-5 

3-1002 

SVT7523 

2N6308 

2-3 

3-218 

SVT7524 

2N6543 

2-2 

3-253 

SVT7525 

MJ13334 

2-5 

3-1002 

SVT7530 

MJ13081 

24 

3-978 

CWT7COI 

MJ13080 

0  T 
l-o 

1  Q7Q 

SVT7532 

MJ16004 

2-2 

3-1030 

SVT7533 

MJ13080 

2-3 

3-978 

SVT7534 

MJ13080 

2-3 

3-978 

SVT7535 

MJ16004 

2-2 

3-1030 

SVT7540 

MJ16008 

2-31 

3-1045 

SVT7541 

MJ16008 

2-31 

3-1045 

SVT7542 

MJ16008 

2-31 

3-1045 

SVT7543 

MJ13080 

2-3 

3-978 

SVT7544 

MJ13080 

2-3 

3-978 

MJ16008 

9  91 

Z"J  I 

SVT7550 

MJ13091 

24 

3-984 

SVT7551 

MJ16010 

2-10 

3-1060 

Pt  n — }  rr  c  0 

bv 17552 

MJ16010 

2-10 

3-1060 

SVT7553 

MJ13090 

24 

3-984 

SVT7554 

MJ13091 

24 

3-984 

SVT7555 

MJ16010 

24 

3-1060 

SVT7560 

MJ13091 

24 

3-984 

SVT7561 

MJ16012 

24 

3-1060 

SVT7563 
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24 

3-984 
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CU77CC/ 

MJ  1  JUiJU 

9  OQ/t 

SVT7565 

MJ13090 

24 

3-984 

SVT7570 

MJ13091 

24 

3-984 

SVT7571 

MJ16012 

24 

3-1060 

SVT7573 

MJ13090 

24 

3-984 

SVT7574 

MJ  13090 

24 

3-984 

SVT7575 

MJ16012 

24 

3-1060 

TIP29 

TIP29 

2-17 

3-1254 

TIP29A 

TIP29A 

2-17 

3-1254 

TIP29B 

TIP29B 

2-17 

3-1254 

TIP29C 

9  17 
Z-l  / 

J-IZD4 

TIP29D 

TIP29D 

2-17 

3-1254 

TIP29E 

TIP29E 

2-17 

3-1254 

TIP29F 

TIP29F 

2-17 

3-1254 

TIP30 

TIP30 

2-17 

3-1254 

TIP30A 

TIP30A 

2-17 

3-1254 

TIP30B 

TIP30B 

2-17 

3-1254 

TIP30C 

TIP30C 

2-17 

3-1254 

TIP30D 

TIP30D 

2-17 

3-1254 

TIP30E 

TIP30E 

2-17 

3-1254 

1  Irour 

TiP9nF 
l  IrJUr 

9  n 
Z-l  / 

3-1 254 

TIP31 

TIP31 

2-17 

3-1256 

TIP31A 

TIP31A 

2-17 

3-1256 

TIP31B 

TIP31B 

2-17 

3-1256 

TIP31C 

TIP31C 

2-17 

3-1256 

TIP31D 

TIP31D 

2-17 

3-1256 

TIP31E 

TIP31E 

2-17 

3-1256 

TIP31F 

TIP31F 

2-17 

3-1 256 

TIP32 

TIP32 

2-17 

3-1256 

TIP32A 

TIP32A 

2-17 

3-1256 

I  IroZD 

TIDTJB 
I  Irozb 

2-17 

3-1 256 

TIP23C 

TIP32C 

2-17 

3-1256 

TIP32D 

TIP32D 

2-17 

3-1256 

TIP32E 

TIP32E 

2-17 

3-1256 

TIP32F 

TIP32F 

2-17 

3-1256 

TIP33 

TIP33 

2-15 

3-1260 

TIP33A 

TIP33A 

2-15 

3-1260 

TIP33B 

TIP33B 

2-15 

3-1260 

TIP33C 

TIP33C 

2-15 

3-1260 

TIP34 

TIP34 

2-15 

3-1260 

TIP34A 

1  lro4M 

9  1C 

z-l  □ 

3-1260 

TIP34B 

TIP34B 

2-15 

3-1260 

TIP34C 

TIP34C 

2-15 

3-1260 

TIP35 

TIP35 

2-16 

3-1262 

TIP35A 

TIP35A 

2-16 

3-1262 

TIP35B 

TIP35B 

2-16 

3-1262 

TIP35C 

TIP35C 

2-16 

3-1262 

TIP35D 

1 

2-16 

3-1262 

TIP35E 

» 

2-16 

3-1262 

TIP35F 

* 

2-16 

3-1262 

TIP9R 

TIP9R 
1  lr  JO 

9  1C 

z-lb 

3-1 262 

TIP36A 

TIP36A 

2-16 

3-1262 

TIP36B 

TIP36B 

2-16 

3-1262 

1 IP36C 

TIP36C 

2-16 

3-1262 

TIP36D 

* 

2-16 

3-1262 

TIP36E 

1 

2-16 

3-1262 

TIP36F 

1 

2-16 

3-1262 

TIP41 

TIP41 

2-18 

3-1266 

TIP41A 

TIP41A 

2-18 

3-1266 

TIP41B 

TIP41B 

2-18 

3-1266 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
"  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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TIP41C 

1  Irn  1 L 

9  1P 

J- I ZOO 

TIP41D 

TIP41D 

HS 

3-1266 

TIP41E 

TIP41E 

2-18 

3-1266 

TIP41F 

TIP41F 

2-18 

3-1266 

TIP42 

TIP42 

2-18 

3-1266 

TIP42A 

TIP42A 

2-18 

3-1266 

TIP42B 

TIP42B 

2-18 

3-1266 

TIP42C 

TIP42C 

2-18 

3-1266 

TIP42D 

TIP42D 

2-18 

3-1266 

TIP42E 

TIP42E 

2-18 

3-1266 

TIP42F 

TIP49P 

9  1ft 

o~  I  ZOO 

TIP47 

TIP47 

2-17 

3-1270 

TIP48 

TIP48 

2-17 

3-1270 

TIP49 

TIP49 

2-17 

3-1270 

TIP50 

TIP50 

87 

3-1270 

TIP61 

TIP61 

2-17 

TIP61A 

TIP61A 

2-17 

TIP61B 

TIP61B 

2-17 

TIP61C 

TIP61C 

2-17 

TIP62 

TIF 

62 

2-17 

TIP62A 

TIP62A 

9  17 

TIP62B 

TIP62B 

2-17 

— 

TIP62C 

TIP62C 

2-17 

TIP63 

TIP47 

2-17 

3-1270 

TIP64 

TIP48 

2-17 

3-1270 

TIP73 

2N6486 

2-20 

3-245 

TIP73A 

2N6487 

2-20 

3-245 

TIP73B 

2N6488 

2-20 

3-245 

TIP74 

2N6489 

2-20 

3-245 

TIP74A 

2N6490 

2-20 

3-245 

TIP74B 

2N6491 

o  on 
Z-zU 

9  9ylC 

TIP75 

MJE13005 

2-18 

3-1186 

TIP75A 

MJE13004 

2-18 

3-1180 

TIP75B 

MJ13004 

2-18 

3-1180 

TIP75C 

MJ13005 

2-18 

3-1186 

TIP100 

TIP100 

2-19 

3-1274 

TIP101 

TIP101 

2-19 

3-1274 

TIP102 

TIP102 

2-19 

3-1274 

TIP105 

TIP105 

2-19 

3-1274 

TIP106 

TIP106 

2-19 

3-1274 

TIP107 

TIP107 

9  1  0 

z-iy 

3-1274 

TIP110 

TIP!  10 

2-17 

3-1278 

TIP111 

TIP111 

2-17 

3-1278 

TIP112 

TIP112 

2-17 

3-1278 

TIP115 

TIP1 15 

2-17 

3-1278 

TIP116 

TIP116 

2-17 

3-1278 

TIP117 

TIP117 

2-17 

3-1278 

TIP120 

TIP120 

2-18 

3-1281 

TIP121 

TIP121 

2-18 

3-1281 

TIP122 

TIP122 

2-18 

3-1281 

TIP125 

TIP125 

2-18 

3-1281 

TIP126 

TIP126 

2-18 

3-1281 

TIP127 

TIP127 

2-18 

3-1281 

TIP140 

TIP140 

2-15 

3-1285 

TIP140T 

TIP140T 

2-19 

3-1285 

TIP141 

TIP141 

2-15 

3-1285 

TIP141T 

TIP141T 

2-20 

3-1285 

TIP142 

TIP142 

2-15 

3-1285 

TIP142T 

TIP142T 

2-20 

3-1285 

TIP145 

TIP145 

2-15 

3-1285 

*  Consult  factory  if  a  direct  replacement  is  necessary. 
"  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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TIP145T 

TIP145T 

2-19 

3-1 285 

TIP146 

TIP146 

2-15 

3-1285 

TIP146T 

TIP146T 

2-20 

3-1285 

TIP147 

TIP147 

2-15 

3-1285 

TIP147T 

TIP147T 

2-20 

3-1285 

TIP150 

MJE13006 

2-19 

3-1186 

TIP151 

MJE13007 

2-19 

3-1186 

TIP152 

MJE13007 

2-19 

3-1186 

TIP160 

MJE5740 

2-19 

3-1150 

TIP161 

MJE5741 

2-19 

3-1150 

TIP162 

MJE5742 

2-19 

*r  1  1  jU 

TIP510 

MJ4248 

2-3 

3-752 

TIP511 

MJ4247 

2-3 

3-752 

TIP512 

MJ4248 

2-3 

3-752 

TIP513 

MJ15012 

2-2 

3-1118 

TIP514 

MJ3218 

2-8 

3-750 

TIP517 

2N6339 

2-5 

3-226 

TIP518 

2N6341 

2-5 

3-226 

TIP519 

2-3 

3-752 

TIP520 

2-3 

3-752 

TIP521 

2N6211 

0- 1 3D 

TIP522 

2N6211 

2-8 

3-195 

TIP523 

MJ15012 

2-2 

3-1118 

TIP524 

2N6497 

2-18 

3-249 

TIP525 

IVIJ  I  JU  1  I 

2-2 

3-1118 

TIP526 

M  liRm  1 

IVIJ  1  JU  1  1 

2-2 

3-1118 

TIP527 

w  H5m? 

1 VU  1  JU 1 Z 

2-2 

3-1118 

TIP528 

IVIJ  1  JU  1  Z 

2-2 

3-1118 

TIP536 

IVIJ  1  OUUO 

2-31 

3-1045 

TIP545 

2N6227 

2-2 

3-133 

TIP546 

2N6228 

9-9 
Z  Z 

o-  loo 

TIP550 

MJ12002 

2-2 

3-939 

TIP551 

MJ12003 

2-2 

3-944 

TIP552 

MJ12004 

2-2 

3-946 

TIP553 

MJ12004 

2-2 

3-946 

TIP554 

MJ 13080 

2-3 

3-978 

TIP555 

MJ13080 

2-3 

3-978 

TIP556 

MJ13080 

2-3 

3-978 

TIP558 

MJ16006 

2-31 

3-1045 

TIP559 

MJ16006 

2-31 

3-1045 

TIP560 

MJ16006 

9 

z-o  I 

J-IWD 

TIP562 

MJ16012 

2-4 

3-1060 

TIP563 

MJ16012 

2-4 

3-1060 

TIP564 

MJ11018 

2-4 

3-933 

TIP565 

MJ10009 

2-5 

3-814 

TIP575 

MJ  13080 

2-3 

3-978 

TIP575A 

MJ13080 

2-3 

3-978 

TIP575B 

MJ 

13080 

2-3 

3-978 

TIP575C 

MJ13080 

2-5 

3-978 

TIP600 

T,P 

100 

2-19 

3-1274 

TIP601 

TIP101 

9  1Q 

1  1  97/ 

TIP602 

TIP102 

2-19 

3-1274 

TIP605 

TIP105 

2-19 

3-1274 

TIP606 

TIP106 

2-19 

3-1274 

TIP607 

TIP107 

2-19 

3-1274 

TIP620 

TIP 

120 

208 

3-1281 

TIP621 

TIP121 

2-18 

3-1281 

TIP622 

TIP122 

2-18 

3-1281 

TIP625 

TIP125 

2-18 

3-1281 

TIP626 

TIP126 

2-18 

3-1281 

■ 
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TIP627 
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TIPL775A 

UMT1008 
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TIP127 
2N6384 
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MJ 10002 
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MJ  10009 
MJ10002 
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MJE2955T 
MJE3055T 
MJ  13070 
MJ  13071 


MJ  13080 

MJ13080 

MJ13080 

MJ13080 

MJ13090 

MJ13091 

MJ13100 

MJ13101 

MJE13070 

MJ13071 


MJ10009 

MJ11018 

MJ11020 

MJ13014 

MJ13015 

MJE13004 

MJE13005 

MJ13015 

2N6547 
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2-18 
2-3 
2-3 
2-3 
2-3 
2-3 
2-3 
2-3 
2-5 
2-3 

2-5 

2-3 

s 

2-3 
2-3 
2-15 
2-15 
2-2 
2-2 


2-3 
2-3 
2-3 
2-3 
2-4 
24 
2-5 
2-5 
2-2 
2-2 

2-5 
2-4 
2-4 
2-3 
24 
2-18 
2-18 
2-4 
2-4 
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3-1281 
3-233 
3-233 
3-233 
3-233 
3-791 
3-791 
3-796 
3-790 
3-814 

3-814 
3-791 
3-791 
3-826 
3-978 
3-978 
3-1289 
3-1289 
3-972 
3-972 

3.978 
3-978 
3-978 
3-978 
3-984 
3-984 
3-990 
3-990 
3-1200 
3-1200 
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3-1180 
3-966 
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*  Consult  factory  if  a  direct  replacement  is  necessary. 
**  To  be  introduced.  Contact  factory  for  Data  Sheet. 
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The  selector  guides  on  the  subsequent  pages  offer 
a  quick  « first-selection  »  capability  for  devices  that  fit 
specific  applications  categories. 

Because  designers  have  different  application  prere- 
quisite, the  devices  are  categorized  in  two  ways : 

1 .  by  package 

2.  by  major  product  category 

In  each  case,  pertinent  electrical  characteristics  are 
supplied  to  permit  rapid  comparison  of  potentially  suit- 
able devices. 
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SELECTION  BY  PACKAGE 

Motorola  power  transistors  are  available  in  a  wide  variety  of  metal  and 
plastic  packages  to  match  thermal,  electrical  and  cost  requirements.  The 
following  table  compares  the  basic  packages  from  the  standpoint  of 
current,  voltage  and  power  capabilities.  The  devices  available  in  the 
various  packages  are  tabulated  on  the  succeeding  pages. 


Package 

lc  Range 
(Amps) 

Vce  Range 
(Volts) 

Pd 
(Watts) 

Ps«s 

.  TO-204AA 
Ca*a  11 

2-30 

40-1500 

36-300 

2-3 

'^teb  TO-204AE 
I                  Cat*  197 

2.5-70 

40-1500 

36-300 

2-3 

TO-205AD 
(TO-39) 
x                Case  79 

05-5.0 

40-400 

5-10 

2-8 

•SSPik  TO-213AA 
(TO-66) 
Case  80 

1-10 

40-400 

20-100 

2-9 

TO-225AA 
(TO-126) 
<^              Case  77 

5.3-5.0 

25-400 


12.5-40 

2-10 

<22bs^  TO-225AB 
Case  90 

5-15 

40-100 

65-100 

2-12 

0$r^         Case  152 

0.5-2.0 

30-300 

10 

2-13 

TO-202AC 
'.^W          Case  306 

0.1-3.0 

30-350 



6  25-12.5 

2-14 

TO-218AC 
*fW~       Case  340 

12-25 

40-400 



125-150 



2-16 

^Jtittn  TO-220AB 
0fi^^         Case  221A 

0.5-15 

30-750 

15-100 

2-18 

f^lT^r)  MO-040AA 
•  <T«5  "       CASE  346 

50-300 

80-850 

300-500 

2-22 

CASE  353 

25-150 

80-850 

100-250 

2-22 

TABLE  1  -  TO-204AA  (Formerh 


CASE  1 1  -01 ,  1 1  -3  —  40  mil  pins 
CASE  1-04,  1-05  —  40  mil  pins 
MODIFIED  TO-3 
CASE  197-01  —60  mil  pins 


STYLE  1 : 

PIN  1.  BASE 

2.  EMITTER 

CASE.  COLLECTOR 


Resistive  Switching 

fT 

Pp  (Case) 

V 

tl 

icCont 
Amps  Max 

VcEO  (sus) 

Volts  Min 

Device  Type 

hFE 
Min/Max 

@  lc 
Amp 

MS 
Max 

MS 
Max 

@  lc 
Amp 

MHz 

Min 

Watts 

@  25X 

NPN 

PNP 

2.5 

700 

MJ8500 

0.5 

4 

2 

125 

7.5  min 

1 

800 

MJ8501 

7.5  min 

0.5 

4 

2 

1 

125 

1300* 

BU204 

2  min 

2 

0.75  typ 

2 

4  typ 

36 

1400* 

MJ205 

1 

2 

110 

1500* 

BU205 
MJ 12002 

2  min 
1.11  min 

2 

2 

0.75  typ 
1 

2 
2 

4  typ 

4  typ 

36 
75 

3 

250 

2N5838 

8/40 

100 

3 

1  typ 

0.4  typ 

3 

5 

275 

2N5639 

10/50 

100 

2 

1  typ 

0  4  tVD 

— : 

3 

5 

350 

2N5840 

10/50 

100 

2 

1  typ 

0.4  typ 

3 

5 

3.5 

325 

2N3902 

30  90 

1 

1.2  typ 

O  1  tvn 
v.  i  lyp 

1 

2  8 

100 

5 

40 

2N4901 

20/80 

1 

4 

87.5 

60 

2N4902 

20/80 

1 

4 

87.5 

80 

2N4903 

20/80 

1 

4 

87.5 

120 

2N4347 

15/60 

2 

100 

200 

MJ410 

30/90 

1 

2.5 

100 

250 

MJ3029 

30  min 

0.4 

1 

3 

125 

300 

MJ411 
2N6542 

30/90 
7/35 

1 
3 

4 

0.8 

3 

2.5 
6 

100 
100 

325 

MJ3030 

3.75  min 

3 

3 

125 

1 

400 

2N6543 
MJ13070 

7/35 
8  min 

3 
3 

4 

1.5 

0.8 

0.5 

3 

,3 

6 

100 
125 

450 

MJ13071 
MJ16002 

8  min 
5  min 

3 
5 

1.5 
3 

0.5 
0.3 

3 
3 

125 
125 

MJ16004 

7  min 
10/30 

5 
3 

2.7 
2.7 

0.35 
0.35 

3 
3 

15 

125 
125 

500 

MJ16002A 

5.0  min 

5.0 

3.0 

0.3 

3.0 

125 

700 
700 

BU800 
MJ8502 

7.5  min 

4 

1 
2 

4.5 

2.5 

60 
150 

1 

800 

MJ8503 

7.5  min 

1 

4 

2 

2.5 

150 

850* 

MJ12020 

5.0  min 

5.0 

0.13  typ 

3.0 

15 

125 

1300* 

BU207 

2.25  min 

4.5 

0.6  typ 

4.5 

4  typ 

60 

1500* 

BU208 
BU208Dt 

2.25  mm 
2.25  min 

4.5 
4.5 

0.6  typ 
0.6  typ 

4.5 
4.5 

4  typ 
4  typ 

60 
60 

MJ12004 

2.5  min 

4.5 

1 

4.5 

4 

100 

6 

100 

2N5758 

2N6226 

25/100 

3 

0.7  typ 

0.5  typ 

3 

1 

150 

120 

2N5759 

2N6227 

20/80 

3 

0.7  typ 

0.5  typ 

3 

1 

150 

140 

2N5760 

2N6228 

15/60 

3 

0.7  typ 

0.5  typ 

3 

1 

150 

250 

MJ15011 

MJ15012 

20/100 

2 

200 

BU326 

30  typ 

.6 

3.5 

6  typ 

90 

400 

BU326A 

30  typ 

.6 

3.5 

•3. VP 

2.5 

90 

t  @  1  MHz 
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TABLE  1  —  TO-204AA  (FORMERLY  TO-3)  (continued) 

,  ,  ,  ,  


icCont 
Amps  Max 

VCEO  (sus) 

Volts  Min 

Device  Type 

Min/Max 

Resistive  Switching 

fj 
MHz 
Min 

Pd  (Case) 
Watts 
@  25°C 

@  lc 
Amp 

ts 

ps 
Max 

t( 

ps 
Max 

@  lc 
Amp 

NPN 

PNP 

6 

700 

BU500 

3  min 

4.5 

1.2 

1 

4.5 

75 

800 

BU209 

2.25  min 

3 

fi  tvn 

.4  typ 

4.5 

4typ 

20 

7 

700 

BU208A 

2.25  min 

4.5 

8  tvn 
o  lyp 

.4  typ 

4.5 

4  typ 

20 

7.5 

60 

2N3445 
2N3447 

20/60 
40/120 

5 
5 

2 
2 

0.35 
0.35 

5 
5 

10 
10 

115 
115 

80 

2N3446 

20/60 
40/120 

5 
5 

2 
2 

0.35 
o!35 

5 
5 

10 
10 

115 
115 

8 

60 

MJ1000 
2N6055 

MJ900 
2N6053 

1k  min 
750/1 8k 

3 
4 

1-5  typ 

15  typ 

4 

4# 

90 
100 

80 

MJ1001 
2N6056 

MJ901 
2N6054 

1k  min 
750/1 8k 

3 
4 

1.5  typ 

1.5  typ 

4 

4# 

90 
100 

120 

MJ4247 

MJ4237 

40  min 

3 

C 

20 

90 

150 

MJ4248 

MJ4238 

40  min 

3 

0.4  typ 

0.18  typ 

5 

20 

90 

250 

2N6306 

MJ6502 

15/75 
15  min 

3 
2 

1.6 
2 

0.4 
0.5 

3 
4 

5 

125 
125 

300 

2N6307 
2N6544 

15/75 
7/35 

3 
5 

1.6 
4 

0.4 
1 

3 
5 

5 
6 

125 
125 

12/60 

125 

350 

2N6308 

3 

1.6 

0.4 

5 

5 

400 

2N6545 
MJ13080 

MJ65I 

a 

7/35 
15  min 
8  min 

5 
2 
5 

4 

2 

1.5 

1 

0.5 
0^5 

5 
4 

5 

6 

125 
125 
150 

450 

MJ13081 
MJ 16006 
MJ 16008 
2N6835 

8  min 
5  min 

10/30 

5 
8 
8 

5 

1.5 
2.5 
2.2 
2.5 

0.5 
0.25 
0.25 
0.25 

5 
5 
5 
5 

10 

150 
150 
150 
150 

500 

MJ16006A 

5.0  min 

8.0 

3.0 

0.4 

5.0 

150 

850* 

MJ12021 

5.0  min 

8.0 

0.1  typ 

5.0 

150 

1400* 

MJ10011 

20  min 

4 

1 

4 

80 

1500* 

MJ 12005 

5  min 

5 

1 

5 

100 

9 

400 

BUS47 

7  min 

6 

1  typ 

.2  typ 

6 

150 

450 

BUS47A 

7  min 

5 

1  typ 

.2  typ 

5 

150 

10 

40 

2N6383 

2N6648 

1k/20k 

5 

20# 

100 

60 

2N3713 
2N3715 
2N5877 
2N6384 
MJ3000 
BD311 

2N3789 
2N3791 
2N5875 
2N6649 
MJ2500 
BD312 

15  min 

20/100 
1k/20k 
1k  min 
25  min 

3 
3 
4 

5 
5 
5 

0.3  typ 
0.3  typ 
1 

0.4  typ 
0.4  typ 
0.8 

5 
5 
4 

4 
4 
4 

20# 

4 

150 
150 
150 
100 
150 
115 



B0 

2N3714 
2N3716 
2N5878 
2N638S 
MJ3001 

2N3790 
2N3792 
2N5876 
2N6650 
MJ2501 

15  min 
30  min 
20/100 
1k/20k 
1k  min 

3 
3 
4 
5 
5 

0.3  typ 
0.3  typ 
1 

0.4  typ 
0.4  typ 
0.8 

5 
5 
4 

4 
4 
4 

20# 

150 
150 
150 
100 
150 

100 

2N5632 

2N6229 

25/100 

5 

0.9  typ 

5 

1 

150 

120 

2N5633 

2N6230 

20/80 

5 

0.9  typ 

0.9  typ 

5 

1 

150 

140 

2N5634 
2N3442 

2N6231 

15/60 
20/70 

5 
4 

0.9  typ 

0.9  typ 

5 

1 

150 
117 

250 

MJ15011 

MJ15012 

20/100 

2 

200 

300 

MJ3041 

250  min 

2.5 

175 

325 

MJ413 
MJ423 
MJ431 
BUX43 



20/80 
30/90 
15/35 
8  min 

0.5 
1 

2.5 
5 

2.2 

0.9 

1 

2.5 
2.5 
2.5 
8 

125 
125 
125 
120 

350 

MJ3042 

MJ13014 

MJ10002 

MJ10006 

BU323 

250  min 
8/20 
3/300 
30/300 
350  typ 

2.5 
5 
5 
5 
6 

2 

2.5 
1.5 
7.5  typ 

0.5 
1 

0.5 
5.2  typ 

5 
5 
5 
.6 

10# 
10# 

175 
150 
150 
150 
175 

400 

'  

MJ10003 

30/300 
30/300 

5 

s 

2.5 
1.5 

1 

5 

10# 

150 
150 
175 

#|hte|@1MHz  (continued) 
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TABLE  1  —  TO-204AA  (FORMERLY  TO-3)  (continued) 


■  ■ 

Resistive  Switching 

t. 

tj 

fr 

PD  (Case) 

icCont 

VcEO  (sue) 

Device  Type 

@  lc 

ps 

MS 

@  lc 

MHz 

Watts 

Amps  Max 

Volts  Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

10 

400 

MJ13015 

8/20 

5 

2 

0.5 

5 

150 

BU323A 

350  typ 

6 

7.5  typ 

5.2  typ 

6 

175 

450 

10/40 

5 

i  -D  iyp 

0.35  typ 

5 

15  typ 

125- 

500 

cnTi  ivm 

10/40 

5 

1  6  tvn 
i  .u  iyp 

5 

15  typ 

125* 

550 

NkJIUUl  J 

10/250 

10 

2  5 

0  8 

10 

175 

600 

MJIUU14 

10/250 

10 

2  5 

n  A 

in 

1U 

175 

700 

MJ8504 

7.5  min 

1.5 

o  - 

E 
O 

175 

800 

MJ8505 

7.5  min 

1.5 

4 

2 

g 

175 

MJ16018 

7.0  min 

5.0 

2.0  typ 

0.5  typ 

5.0 

150 

950* 

MJ12010 

4.2  min 

5 

1 

5 

100 

12 

40 

2N6569 

2N6594 

15/200 

4 

5 

1.5 

2 

1.510  15 

100 

60 

2N6057 

2N6050 

750/1 8k 

6 

1.6  typ 

1.5  typ 

6 

4# 

150 

80 

2N6058 

2N6051 

750/1 8k 

6 

1  6  tVD 

1  5  tVD 
i.a  iyp 

g 

4# 

150 

100 

2N6059 

2N6052 

750/1 8k 

6 

1  6  tVD 

1  5  tVD 

6 

4# 

150 

250 

BUX42 

8  min 

6 

2 

.4' 

6 

8 

120 

450 

BUX48A 

3 

.6 

8 

125 

1000 

BUT16 

5  min 

8 

2  typ 

.8  typ 

6 

150 

15 

60 

2N3055H 

2N3055 

2N3055A 

2N6576 

2N5881 

MJ2955 
MJ2955A 

2N5879 

20/70 
20/70 
20/70 
2k/20k 
20/100 

4 
4 
4 
4 

6 

0.7  typ 

2 
1 

0.3  typ 

t  - 
0.8 

4 

10 
6 

800 
2.5 
0.8 
10-200# 
4 

115 
115 
115 
120 
150 

80 

2N5882 

2N5880 

20/100 

6 

1 

0.8 

6 

4 

160 

90 

2N6577 

2k/20k 

4 

2 

7 

10 

10-200# 

120 

120 

MJ15015 
2N6578 

MJ15016 

20/70 
2k/20k 

4 
4 

2 

7 

10 

1 

1 0-200 # 

180 
120 

140 

MJ15O01 

MJ15002 

25/150 

4 

2 

200 

150 

MJ11018 

MJ11017 

100  min 

15 

3# 

175 

200 

2N6249 

MJ11020 

BUX41 

MJ11019 

10/50 
100  min 
8  min 

10 
15 
8 

3.5 
1.5 

1 

.4 

10 
8 

2.5 
3# 
8 

175 
175 
120 

250 

MJ11022 

MJ11021 

100  min 

15 

3# 

175 

275 

2N6250 

8/50 

10 

3.5 

1 

10 

2.5 

175 

300 

2N6546 

6/30 

10 

4 

0.7 

10 

2N6676 

8  min 

15 

2.5 

0.5 

15 

3 

175 

325 

BUX13 

8 

8 

2.5 

.8 

8 

8 

150 

350 

2N6251 
2N6677 

6/50 
8  min 

10 
15 

3.5 
2.5 

1 

0.5 

10 
15 

2.5 
3 

175 
175 

400 

2N6547 
2N6678 
MJ13090 
BUS48 

6/30 
8  min 

8  min 

10 
15 
10 
10 

4 

2.5 
2.5 

1  T  tvn 

i-o  iyp 

0.7 
0.5 
0.5 

9  tvn 

iyp 

10 
15 
10 
10 

6  to  24 

3 

175 
175 
175 
175 

450 

MJ 13091 
MJ16010 
MJ16012 

8  min 

?£ 

10 
15 
15 

2.5 
1.2  typ 
0  9  typ 

175 
175 
175 

0.5 
0.2  typ 
0  15  typ 

10 
10 
10 

2N6836 
BUS48A 

10/30 
8  min 

10 
8 

3.0 
1.3  typ 

0.35 
2  typ 

10 
10 

10 

175 
175 

500 

MJ16010A 

5  min 

15 

3 

.4 

10 

17 

850* 

MJ12022 

5.0  min 

15 

0.1  typ 

10 

175 

16 

60 

MJ4033 

MJ4030 

Vol 

10 

150 

80 

MJ4034 

MJ4031 

1k/ 

10 

150 

100 

2N5629 
MJ4035 
BD317 

2N6029 
MJ4032 
BD318 

25/100 

1k/ 
25  min 

8 
10 

5 

1.2  typ 

1.2  typ 

8 

200 
150 
200 

120 

2N5630 

2N6030 

20/80 

8 

1.2  typ 

1.2  typ 

8 

200 

140 

2N3773 
2N5631 

2N6609 

15/60 
15/60 

8 
8 

1.1  typ 

1.2  typ 

1.5  typ 
1.2  typ 

8 

150 
200 

2N6031 

8 

200 

MJ15022 

MJ15023 

15/60 

8 

5 

250 

MJ15026 

6  min 

16 

15 

250 

#  I  ht.  |  @  1  MHz  (continued) 
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TABLE  1  —  TO-204AA  (FORMERLY  TO-3)  (continued) 


icCont 
Amps  Max 

VcEO  (sus) 

Volts  Min 

Device  Type 

Min/Max 

Resistive  Switching 

MHz 
Min 

PD  (Case) 
Watts 

@  25°C 

@  lc 
Amp 

ts 

ps 
Max 

t, 

Ms 

@  lc 
Amp 

NPN 

PNP 

Max 

16 

250 

MJ15024 

MJ 15025 

15/60 

g 

5 

250 

18 

160 

BUX41N 

8  min 

12 

1.2 

.25 

12 

8 

120 

400 

BUS97 

7  min 

12 

2 

.4 

12 

175 

450 

BUS97A 

7  min 

10 

2 

.4 

10 

175 

20 

40 

2N6257 

15/75 

150 

60 

2N3772 

15/60 

10 

2 

150 

2N6282 

2N6235 

750/1 8k 

10 

2.5  typ 

2.5  typ 

10 

4# 

160 

75 

2N5039 

20/100 

10 

1.5 

0.5 

10 

60 

140 

80 

2N5303 

2N5745 

15/60 

10 

2 

1 

10 

2 

200 

2N6283 

2N6286 

750/1 8k 

10 

2.5  typ 

2.5  typ 

10 

4# 

160 

90 

2N5038 

20/100 

12 

1.5 

0.5 

12 

60 

140 

100 

2N6284 

2N6287 

750/1 8k 

10 

2.5  typ 

2.5  typ 

10 

4# 

160 

125 

BUX40 

8  min 

15 

1 

.25 

15 

8 

120 

140 

MJ15003 

MJ15004 

25/150 

5 

2 

250 

160 

BUX11N 

20/60 

8 

1.2 

.25 

15 

8 

150 

200 

BUV11 

10  min 

12 

1.8 

.4 

12 

8 

150 

MJ13330 

8/40 

10 

3.5 

0.7 

10 

5  to  40 

175 

250 

MJ13331 
BUV12 

8/40 
10  min 

10 
10 

3.5 
1.5 

0.7 
.5 

10 
10 

5  to  40 
8 

175 
150 



350 

MJ10000 
MJ10004 
MJ13332 

40/400 
40/400 
10/60 

10 
10 

5 

3 

1.5 
4 

1.8 
0.5 
0.7 

10 
10 
10 

10# 

175 
175 
175 

400 

MJ10001 
MJ10005 
MJ13100 
MJ 13333 
BUV24 

40/400 
40/400 
8  min 

10 
10 
15 

3 

1.5 
3.5 

4 

3 

1.8 
0.5 
0.5 
0^7 
.9 

10 
10 
15 
10 
12 

10# 
10# 

175 
175 
175 
175 
250 

10/60 
8  min 

5 
12 

8 

450 

MJ 10008 

30/300 

10 

2 

0.6 

10 

8# 

175 

MJ13101 

8  min 
10/60 
5  min 
7  min 
10/30 

1 5 
5 

20 
20 
15 

3.5 
4 

2.7 
2.2 
2.5 

0.5 
0  7 
0.35 
0.25 
0.25 

15 
10 
20 
20 
15 

175 
175 
250 
250 
250 

MJ16014 
MJ16016 
2N6837 

15 

500 

MJ 10009 

30/300 

10 

2 

0.6 

10 

8# 

175 

MJ13335 

10/60 

5 

4 

0.7 

10 

175 

700 

BUT15 

15  min 

12 

1.2  typ 

.3  typ 

12 

175 

750 

MJ10024 

50/600 

20 

5 

1.8 

10 

250 

850 

MJ10025 

50/600 

20 

5 

1.8 

10 

250 

24 

1000 

BUT36 

5  min 

16 

4.5  tv 

I 

1.7  typ 

16 

250 

25 

60 

2N5885 

?N5fUL1 

20/100 

10 

1 

0.8 

10 

4 

200 

80 

2N5886 

2N581 
2N64C 

20/100 
30/120 

10 
10 

0.8 
0.25 

10 
10 

4 

40 

200 
200 

100 

2N6338 

30/120 
30/120 

10 

0.25 

10 
10 

40 

200 
200 

10 

0.25 

40 

120 

2N6339 

2N6438  

30/120 
30/120 

10 
10 

0.25 
0.25 

10 
10 

40 
40 

200 
200 

125 

BUV10 
BUV10N 

10  min 
10  min 

20 
20 

1.2 
1.55 

.25 
.45 

20 
15 

8 
10 

150 
175 

140 

2N6340 

30/120 

10 

0.25 

10 

40 

200 

150 

2N6341 

30/120 

10 

0.25 

10 

40 

200 

500 

BUT14 

15  min 

16 

13  typ 

.3  typ 

16 

175 

28 

400 

BUT13 

20  min 

18 

1.1  typ 

.3  typ 

18 

175 

30 

40 

2N3771 
2N5301 

2N4398 

15/60 
15/60 

15 
15 

2 

1 

10 

2 
2 

150 
200 

60 

2N5302 

2N4399 

15/60 

15 

2 

1 

10 

2 

200 

MJ11012 

MJ11011 

1k  min 

20 

4# 

200 

2N6326 

2N6329 

6/30 

30 

3 

200 

80 

2N6327 

2N6330 

6/30 

30 

3 

200 

90 

MJ11014 
BUX39 

MJ11013 

1k  min 
8  min 

20 

20 

4# 

8 

200 
120 

#|h,.|@1MHz  (continued) 
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TABLE  1  —  TO-204AA  (FORMERLY  TO-3)  (continued) 


icCont 
Amps  Max 

VcEO  (sus) 

Volts  Min 

Device  Type 

nFE 
Min/Max 

@  lc 
Amp 

Resistive  Switching 

ff 
MHz 
Min 

Pd  (Case) 
Watts 

@  25°C 

1 
MS 
Max 

tf 
MS 
Max 

@  lc 
Amp 

NPN 

PNP 

30 

100 

MJ802 

2N6331 
MJ4502 

6/30 
25/100 

30 
7.5 

3 
2 

200 
200 

120 

MJ11016 

MJ11015 

1k  min 

20 

4# 

200 

325 

BUV23 

8  min 

16 

1.8 

.4 

16 

8 

250 

400V 

BUS98 

8  min 

20 

1 .55  typ 

2  typ 

20 

250 

450 

MJ 16020 
MJ 16022 
BUS98A 

5  min 
7  min 

30 
30 
16 

1.8 
1.5 
1.55  typ 

.2 
.15 
2  typ 

20 
20 
16 

250 
250 
250 

40 

160 

BUV21N 

10  min 

40 

1 

.2 

40 

8 

250 

200 

BUV21 

10  min 

25 

1.8 

.4 

25 

8 

150 

250 

BUS52 

15  min 

40 

2 

.3 

40 

BUV22 

10  min 

20 

1.1 

.35 

20 

8 

250 

350 

MJ 10022* 

50/600 

10 

2.5   | 

0.9 

20 

250 

400 

MJ10023* 

50/600 

10 

2.5 

0.9 

20 

250 

700 

BUT35 

15  min 

24 

2.8  typ 

.65  typ 

24 

250 

SO 

60 

15/60 
400  min 

25 
50 

0.5  typ 

0.3  typ 

25 

2 

300 
300 

2N5685S 
MJ11028* 

2N5683* 
MJ11029* 

80 

2N5686S 

2N5684* 
2N6377* 

15/60 
30/1 20 

25 
20 

0.5  typ 
0.8 

0.3  typ 
0.25 

25 
20 

2 
30 

300 
250 

90 

MJ11030 

MJ11031 

HAJ  Mill  I 

50 

300 

100 

2N6274* 

2N6378S 

30/1 20 

20 

0.8 

0.25 

20 

30 

250 

120 

2N6275* 

2N6379* 

30/120 

20 

0.8 

0.25 

20 

30 

250 

MJ11032* 

MJ11033* 

A  mm 

50 

300 

125 

BUV20 

10  min 

50 

1.2 

.25 

50 

8 

250 

140 

2N62760 

30/120 

20 

0.8 

0.25 

20 

30 

250 

150 

2N6277* 

30/120 

20 

0.8 

0.25 

20 

30 

250 

200 

BUS51 

15  min 

50 

2 

.3 

5 

400 

MJ10015* 

10  min 

40 

2.5 

1.0 

20 

250 

500 

MJ10016* 

10  min 

40 

2.5 

1.0 

20 

250 

BUT34 

15  min 

32 

1.8  typ 

.7  typ 

32 

250 

56 

400 

BUT33 

20  min 

36 

2  typ 

8  typ 

36 

250 

60 

200 

MJ10020* 

75  min 

15 

3.5 

0.5 

30 

250 

250 

MJ  10021* 

75  min 

15 

3.5 

0.5 

30 

250 

70 

60 

MJ14000* 

MJ14001* 

15/100 

50 

300 

80 

MJ14002* 

MJ14003* 

15/100 

50 

300 

1 5  min 

40 

2 

.3 

40 

125 

BUS50 

•  Modified  TO-3,  60  mil  pins 

#  I  Ne  |  @  1  MHz 


■ 
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TABLE  2  —  TO-39  Package 


CASE  79-02 


STYLE  1 : 

PIN1.  EMITTER 

2.  BASE 

3.  COLLECTOR 
(Pin  3  connected  to  case) 


Resistive  Switching 

t. 

tf 

Pp  (Case) 

icOont 

VCEO  (sus) 

Device  Type 

flFE 

<S  lc 

ps 

ps 

@  lc 

MHz 

watts 

Amps  Max 

Volts  Min 

NPN 

PNP 

M  in/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

0.5 

150 

2N4929 

20  min 

0.06 

100 

5 

200 

2N4930 
MJ4645 

20  min 
20  min 

0.05 

0.72* 

0.05 

20 

5 

250 

2N4931 

0  03 

20 

5 

300 

MJ4646 

20  min 

0  5 

0.72" 

0.05 

40 

5 

4110 

400 

MJ4647 

20  mm 

0.5 

0.72' 

0.05 

30 

5 

i 

40 

2N3110 

2N3244 
2N3467 

25/70 
50/150 
40/120 

0  5 

0^5 
0.5 

0.6" 
0.14 
0.06 

0.045 
0.03 

0.15 

0.5 
o'5 

60 
175 
175 

5 
5 
5 

50 

2N3245 
2N3468 

30/90 
40/120 

0.5 
0.5 

0.12 
0.06 

0.03 

0.5 
0.5 

150 
175 

5 
5 

60 

MNI'IUOU 

25/40 

0.5 

0.35 

100/400 

7 

MM4032 

70/100 

0.5 

0.35 

150/500 

7 

65 

MM4036 

20/40 

0.5 

0.175" 

60 

7 

80 

2N3019 

50  min 

0.5 

100 

5 

2N3020 

30/100 

0.5 

100 

5 

MM4031 
MM4033 

25/40 
70/100 

0.5 

0.35 
0.35 

100/400 
\  bu/ouu 

7 

100 

2N5681 

2N5679 

40/150 

0.25 

30 

10 

120 

2N5682 

2N5680 

40/150 

0.25 

30 

10 

200 

2N5415 

30  min 

0.05 

15 

5 



15 

250 

2N3440 

40/160 

0.02 

5 

300 

2N5416 

30  min 

0.05 

15 

5 

350 

2N3439 

40/160 

0.02 

15 

5 

1.5 

40 

2N3762 

30/120 

1 

0.08 

0.035 

180 

4 

50 

2N3734 

30/120 

1 

0.03 

0.03 

250 

4 

60 

2N3763 

20/80 

1 

0.08 

0.035 

150 

4 

75 

2N3735 

20/80 

1 

0.03 

0.03 

250 

4 

2 

40 

2N5859 

30/120 

0.5 

0.035 

0.035 

0.1 

250 

5 

60 

2N5861 

25/120 

0.5 

0.035 

0.035 

0.5 

200 

5 

100 

MM3007 

MM5007 

50/250 

0.25 

30 

8 

3 

40 

2IM4237 

2N4234 

30/150 

0.25 

3 

6 

60 

2N4238 
2N3506 

2N4235 

30/150 
40/200 

0.25 
1.5 

0.055 

0.035 

1.5 

3 

60 

6 
5 

80 

2N4239 
2N3507 

2N4236 

30/150 
40/200 

0.25 
1.5 

0.055 

0.035 

1.5 

3 

60 

6 
5 

4 

60 

2N4877 

20/100 

4 

1.5 

0.5 

4 

4 

10 

5 

60 

MJ8100 

25/180 

2 

1 

0.15 

2 

30 

10 

80 

2N5336 
2N5337 

2N6190 
2N6191 

30/120 
60/240 

2 
2 

2 
2 

0.2 
0.2 

2 
2 

30 
30 

6 
6 

100 

2N5338 
2N5339 

2N6192 
2N6193 

30/120 
60/240 

2 
2 

2 
2 

0.2 
0.2 

2 
2 

30 
30 

10 
6 
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TABLE  3  —  TO-66  Package 


\ 


CASE  80-02 

STYLE  1 : 

PIN  1.  BASE 

2.  EMITTER 

CASE.  COLLECTOR 


Resistive  Switching 

L 

i 

t, 
lf 

fT 

pD  (Case) 

icCont 

"CEO  (sus) 

Device  Type 

@  lc 

MS 

lis 

@  lc 

MHz 

Watts 

Amps  Max 

Volts  Min 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

1 

40 

2N4910 

2N4898 

20/100 

0.5 

0  5 

3 

25 

GO 

2N4911 

2N4899 

on/i  no 

0.5 

0.6  typ 

0.3  typ 

0.5 

3 

25 

80 

2N4912 

2N4900 

20/100 

0.5 

0.6  typ 

0.3  typ 

0.5 

3 

25 

175 

2N3583 

2N6420 

40/200 

0.5 

2typ 

0.23  tvp 

0.5 

10 

35 

225 

2N3738 

2N6424 

40/200 

0.1 

3  typ 

0.3  typ 

0.1 

10 

20 

250 

2N5344 

25/100 

0.5 

0.6 

0.1 

0.5 

60 

40 

300 

2N3739 

2N6425 
2N5345 

40/200 
25/100 

0.1 
0.5 

3  typ 
0.6 

0.3  typ 
0.1 

0.1 
0.5 

10 
60 

20 
40 

1.5 

300 

MJ4360 

5/25 

1 

4 

0.7 

1 

4 

40 

400 

MJ4361 

5/25 

1 

4 

0.7 

1 

4 

40 

2 

125 

2N5050 

25/100 

0.75 

3.5 

1.2 

0.75 

10 

40 

150 

2N5051 

25/100 

0.75 

3.5 

1.2 

0.75 

10 

40 

200 

2N5052 

25/100 

0.75 

3.5 

1.2 

0.75 

10 

40 

225 

2N6211 

10/100 

1 

2.5 

0.6 

1 

20 

35 

2N3584 

2N6421 

25/100 

1 

4 

3 

1 

10 

35 



300 

2N6212 
2N6422 

10/100 
25/100 

1 
1 

2.5 
4 

0.6 
3 

1 
1 

20 
10 

35 
35 

2N3585 

2N4240 

2NIS423 

30/150 

0.75 

6 

3 

0.75 

15 

35 

350 

2N6213 

10/100 

1 

2.5 

0.6 

1 

20 

35 

3 

140 

2N3441 

25/100 

0.5 

0.2 

25 

60 

2N3740.A 
2N6049 

2N6296 

30/100 
25/100 
40/160 
750/1 8k 

0.25 
0.5 
0.5 
2 

4 

2N3054.A 

2N3766 

2N62S4 

1.3  typ 
1  typ 
0.9  typ 
0.9  typ 

0.27  typ 
0.3  typ 
0.09  typ 
0.7  typ 

0.25 
0.5 
0.5 
2 

4 

3 
10 
4# 

25 
75 
20 
50 

80 

2N3741.A 

30/100 

0.25 

1.3  typ 

0.27  typ 

0.25 

4 

25 

2N3767 
2N6295 

2N6297 

40/160 

/DU/IOK 

0.5 
2 

0.9  typ 
0.9  typ 

0.09  typ 
0.7  typ 

0.5 
2 

10 
4 

20 
50 

300 

MJ4380 

8/40 

2 

4 

.9 

2 

4 

75 

400 

MJ4381 

8/40 

2 

4 

.9 

2 

4 

75 

5 

40 

2N4231A 

2N6312 

25/100 

1.5 

0.5  typ 

0.2  typ 

1.5 

4 

75 

60 

2N4232A 

2N6313 

25/100 

1.5 

0.5  typ 

0.2  typ 

1.5 

4 

75 

80 

2N4233A 

2N6314 

25/100 

1.5 

0.5  typ 

0.2  typ 

1.5 

4 

75 

225 

2N6233 

25/125 

1 

3.5 

0.5 

1 

20 

50 

275 

2N6234 

25/125 

1 

3.5 

0.5 

1 

20 

50 

300 

MJ4400 

7/35 

3 

4 

.8 

3 

6 

100 

325 

2N6235 

25/125 

3.5 

0.5 

20 

50 

1 

1 

400 

MJ4401 

7/35 

3 

4 

.8 

3 

6 

100 

7 

60 

2N6315 

2N6317 

20/100 

2.5 

1 

0.8 

2.5 

4 

90 

80 

2N5427 

30/120 
60/240 
20/100 

2 

2 

0.2 
0.2 
0.8 

2 
2 

2.5 

30 
30 
4 

40 
40 
90 

2N5428 
2N6316 

2N6318 

2 

2.5 

2 
1 

100 

2N5429 
2N5430 

30/120 
60/240 

2 
2 

2 
2 

0.2 
0.2 

2 
2 

30 
30 

40 
40 

250 

2N6078 

12/70 

1.2 

2.8 

0.3 

1.2 

1 

45 

275 

2N6077 

12/70 

1.2 

2.8 

0.3 

1.2 

1 

45 

8 

60 

2N6300 

2N6298 

750/1 8k 

4 

1.5  typ 

1.5  typ 

4 

4# 

75 

80 

2N6301 

2N6299 

750/1 8k 

4 

1.5  typ 

1.5  typ 

4 

4# 

75 

120 

MJ3247 

MJ3237 

40  min 

3 

0.4  typ 

0.18  typ 

5 

20 

75 

150 

MJ3248 

MJ3238 

40  min 

3 

0.4  typ 

0.18  typ 

5 

20 

75 

10 

80 

2N6495 

10/60 

10 

0.15  typ 

0.05  typ 

10 

25 

70 

#  I  hte  |  @  1  MHz 
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TABLE  4  — 


TO-126  Package 


CASE  77-04 
PLASTIC 

STYLE  1 : 

PINT  EMITTER 

2.  COLLECTOR 

3.  BASE 


STYLE  3: 

PIN  1.  BASE 

2.  COLLECTOR 

3.  EMITTER 


icCont 
Amps  Max 


Vceo  (sus) 
Volts  Min 


Device  Type 


Min/Max 


@  lc 
Amp 


Resistive  Switching 


ps 
Max 


U 

us 
Max 


@  lc 
Amp 


MHz 
Min 


15 


0.5 


150 


15 


15 


2N5655 
BD157 


30/250 
30/240 


0.1 
0.05 


3.5  typ 


0.24  typ 


BD158 

BD232 

MJE3405 

MJE340 

2N5656 


MJE350 


30/240 
20  min 
65  min 
30/240 
30/250 


0.05 
0.15 
0.12 
0.05 
0.1 


3.5  typ 


0.24  typ 


2N5657 
BD159 


30/250 
30/240 


0.1 
0.05 


3.5  typ 


0.24  typ 


40 


0.6  typ 


0.3  typ 


0.6  typ 


0.3  typ 


0.5 


2N4923 


2N4920 


20/100 


0.6  typ 


0.3  typ 


1.5 


40 


MJE720 


MJE710 


8  min 


1 


BD165 
BD135.6 
BD135.10 
BD135.16 


BD166 
BD136.6 
BD1 36.10 
BD1 36.16 


15  min 
40/100 
63/160 
100/250 


0.5 
0.15 
0.15 
0.15 


60 


BD167 
BD137.6 
BD1 37.10 
BD137.16 
MJE721 


BD1S8 

BD13B.6 

BD138.10 

BD13S.16 

MJE711 


15  min 
40/100 
63/160 
100/250 
8  min 


0.5 
0.15 
0.15 
0.15 
1 


80 


MJE722 
BD169 
BD139.6 
BD1 39.10 
BD139.16 


MJE712 

BD170 

BD140.6 

BD140.10 

BD140.16 


8  min 
15  min 
40/100 
63/160 
100/250 


1 
0.5 
0.15 
0.15 
0.15 


300 


MJE13002* 


5/25 


1 


MJE13003» 


0.7 


45 


BD233 


BD234 


25  min 


60 


25  min 


80 


BD237 


BD238 


100 


MJE270 


MJE271 


1.5k  min 


30 


MJE520 


25  min 


MJE180 


0.6  typ 


0.12  typ 


BD175.6 


BD176.6 


40/100 


•  Case  77  (Style  3) 

#  |  hte  |  @  1  MHz 


(continued' 
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TABLE  4  —  TO-126  Package  (continued) 


Resistive  Switching 

t( 

*T 

Pp  (Case) 

icCont 

VCEO  (sus) 

Device  Type 

hFE 

@  lc 

ps 

MS 

@  lc 

MHz 

Watts 

Amps  Max 

Volts  Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@25°C 

3 

45 

BD175.10 
BD175.16 

BD1 76.10 
BD176.16 

DO/  I  OU 

100/250 

0  15 
0.15 

3 
3 

30 
30 

60 

BD177.6 
BD1 77.10 

BD178.6 
BD1 78.10 

40/100 
63/160 

0.15 
0.15 

3 
3 

30 
30 

BD177.16 

BD178.16 

1 00/250 

0.15 

3 

30 

MJE181 

MJ  1:171 

50/250 

0.1 

0.6  typ 

0.12  typ 

0.1 

50 

12.5 

80 

MJE182 
BD179.6 
BD1 79.10 
BD179.16 

MJE172 
BD180.6 
BD1 80.10 
BD180.16 

50/250 
40/100 

com  en 
0  ■51 1  OU 

100/250 

0.1 
0.15 
0.1 5 
0.15 

0.6  typ 

0.12  typ 

0.1 

50 
3 
3 
3 

12.5 
30 
30 
30 

200 

BUY49P 

30  min 

0.5 

25 

20 

4 

20 

BD433 

BD434 

50  min 

2 

3 

36 

30 

BD185 

DUlOO 

15  min 

2 

20 

40 

■ 

B0435 

BD436 

— 50  min — 

2 

3 

36 

40 

MJE3300* 

2N5190 
MJE521 
2N6037 

MJE3310* 

2N5193 
MJE371 
3N6034 

1k  min 
25/100 
40  min 

1 

1.5 

0.4  typ 

0.4  typ 

1.5 

20 
2 

15 
40 
40 

750/1 8k 

2 

1.7  typ 

1.2  typ 

2 

25 

40 

45 

750  min 
750  min 

1.5 
2 

BD675 
BD675A 

BD676 

BD676A 

BD786 

BDI88 

BD438 

40 
40 
15 
40 
36 

BD785 
BD187 
BD437 

20  min 
15  min 
40  min 

2 
2 
2 

50 

20 
3 

BD775 

BD776 

750  min 

2 

20 

15 

60 

MJE3301  • 
2N5191 

MJE3311* 

2N5194 

25/100 

1.5 

0.4  typ 

0.4  typ 

1 .5 

20  # 
2 

15 
40 

MJE800 
MJE801 
2N6038 

MJE700 
MJE701 
2N6035 

750  min 
750  min 

7CTI/1  Ql, 

f  QU/  ltJK 

1.5 

1# 

40 

2 
2 

1.7  typ 

1.2  typ 

2 

1# 
25 

40 
40 
40 

BD677 

BD678 

750  min 

1.5 

BD677A 

BD787 

BD189 

BD439 

BD777 

BD678A 

BD788 

BD190 

BD440 

BD778 

750  min 
20  min 
15  min 
25  min 
750  min 

2 

40 

2 
2 
2 
2 

50 
20 
3 
20 

15 
40 
36 
15 

80 

MJE3302* 

MJE3312* 

2N5195 

1k  min 

1 

20# 
2 

15 
40 

2N5192 

25/100 

1.5 

0.4  typ 

0.4  typ 

1.5 

MJE802 
MJE803 
2N6039 

MJE702 
MJE703 
2N6036 

750  min 

1 .5 

1# 
1# 
25 

40 

750  min 
750/1 8k 

2 
2 

1.7  typ 

1.2  typ 

2 

40 
40 

BD679 

BD680 

750  min 

1.5 

40 

BD679A 

BD789 

BD441 

BD779 

MJE240 

MJE241 

MJE242 

BD680A 

BD790 

BD442 

BD780 

MJE250 

MJE251 

MJE252 

750  min 
10  min 

750  min 
40/200 
40/120 
25  min 

2 
2 
2 
2 

0.2 
0.2 
0.2 

40 
3 
20 
40 
40 
40 

40 

15.. 

36 

15 

15 

15 

15 

100 

MJE244 

BD681 

BD791 

MJE254 

BD682 

BD792 

25  min 
750  min 
10  min 

0.2 
1.5 
2 

40 
40 

15 
40 
15 

MJE243 

MJE253 

40/120 

0.2 

0.7  typ 

0.08  typ 

0.2 

40 

15 

5 

25 

MJE200 

MJE210 

45/180 

2 

0.13  typ 

0.035  typ 

2 

65 

15 

•  Case  77  (Style  3) 

#  |  h,e  |  @  1  MHz 
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TABLE  5  —  TO-127  Package 


CASE  90-05 
PLASTIC 

STYLE  2: 

PIN  1.  EMITTER 

2.  COLLECTOR 

3.  BASE 


icCont 
Amps  Max 

VcEO  (sus) 

Volts  Min 

Device  Type 

hFE 
Min/Max 

@  Ic 
Amp 

Resistive  Switching 

ft 
MHz 
Min 

PD  (Case) 
Watts 

@  25°C 

t. 
MS 
Max 

ti 

MS 
Max 

@  Ic 
Amp 

NPN 

PNP 

5 

40 

2N5977 

2N5974 

20/120 

2.5 

0.45  typ 

0.18  tyj> 

2.5 

2 

75 

50 

MJE205 

MJE105 

25/100 

2 

65 

60 

MJE1100 
MJE1101 
2N5978 

MJE1090 
MJE1091 
2N5975 

750  min 
750  min 
25/100 

3A 
4A 
2.5 

0.55  typ 

0.18  typ 

2.5 

1 
1 
2 

70 
70 
75 

80 

MJE1102 
MJE1103 
2N5979 

MJE1092 
MJE1093 
2N5976 

750  min 
750  min 
20/120 

3A 
4A 

2.5 

0.45  typ 

0.18  typ 

2.5 

1 
1 

2 

70 
70 
75 

8 



60 

MJE6043 

MJE6040 

1k/20k 

4 

1.5  typ 

1.5  typ 

4 

4# 

75 



80 

MJE6044 

MJE6041 

1k/20k 

4 

1.5  typ 

1.5  typ 

4 

4# 

75 

100 

MJE6045 

MJE6042 

1k/20k 

4 

1.5  typ 

1.5  typ 

4 

4# 

75 

10 

BD206 

15  min 

4 

1.5 

90 

—80- 

BD207 
MJE2801 

B0208 

MJE2901 

MJE2955 

15  min 
25/100 
20/70 

4 

3 
4 

1.5 
2 

90 
90 
90 

12 

20/120 

6 

0.5  typ 

0.25  typ 

6 

2 

100 

6 

0-5  typ 

0.25  typ 

6 

2 

100 

80 

2N5991 

2N5988                20/1 20 

6 

0.5  typ 

0.25  typ 

6 

2 

100 

15 

MJE1290 

20/100 

5 

3 

90 

sr 

MJE1291 

20/100 

5 



3 

90 

#  |  hfe  |  @  1  MHz 
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TABLE  6  — CASE  152 


STYLE  1 : 
PIN  1. 

2. 
3. 


EMITTER 
BASE 

COLLECTOR 


(COLLECTOR  CONNECTED  TO  TAB) 


Resistive  Switching 

U 

tf 

PD  (Case) 

icCont 

VCEO  (sus) 

Device  Type 

hFE 

@  lc 

ps 

M-s 

@  lc 

MHz 

Watts 

wmps  wax 

Volts  Min 

NPN 

PNP 

tviin/wiax 

Max 

Max 

Amp 

Min 

@  25°C 

0.5 

65 

MPS-U31 

10  min 

0.1 

10 

300 

MPS-U10 

MPS-U60 

30  min 

0  030 

60 

10 

o.e 

40 

MPS-U02 

MPS-U52 

30  min 

0  5 

150 

10 

1 

120 

MPS-U03 

40  min 

0.010 

100 

10 

180 

MPS-U04 

40  min 

0.010 

100 

10 

2 

20 

BD505 

BD506 

90  typ 

1 

180  typ 

10 

30 

BD507 
MPS-U01 

BD508 
MPS-U51 

90  typ 
50  min 

1 
1 

180  typ 
50 

10 
10 

MPS-U01A 

MPS-U45 

BD509 

MPS-U51A 

MPS-U95 

BD510 

50  min 
4k  min 
90  typ 

10 
10 
10 

40 

1 
1 
1 

50 
100 
180  typ 

45 

BD515 

BD516 

55  typ 

0.5 

160  typ 

10 

60 

BD517 
MPS-U05 

BD518 
MPS-U55 

55  typ 
60  min 

0.5 
0.25 

160  typ 
50 

10 
10 

80 

MPS-U06 
B0519 

MPS-U56 
BD520 

60  min 
55  typ 

0.25 
0.5 

50 
160  typ 

10 
10 

100 

BD529 
MPS-U07 

BD530 
MPS-U57 

98  typ 
30  min 

0.25 
0.25 

100  typ 
50 

10 
10 
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TABLE  7  —  TO-202AC  Package 


CASE  306-04 
PLASTIC 


STYLE  1  : 
PIN  1. 

2. 
3. 


EMITTER 
BASE 

COLLECTOR 


STYLE  3: 

PINT  BASE 

2.  COLLECTOR 

3.  EMITTER 


4.  COLLECTOR 



4.  COLLECTOR 

Resistive  Switching 

t. 

1 

h 

PD  (Case) 

icConl 

VcEO  (sus) 

Device  Type 

hFE 

@  lc 

us 

ps 

@  lc 

MHz 

Watts 

Amps  Max 

Volts  Mln 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

0.1 

250 

D40N1 

30/90 

0.02 

50-80 

6.25 

D40N2 

60/180 

0.02 

50-80 

6.25 

BF787 

BF790 

50  min 

0.025 

60 

10 

300 

BF788 
O40N3 
D40N4 

BF791 

30/90 
60/180 

0.025 
0.02 
0.02 

60 
50-80 
50-80 

10 
6.25 
6.25 

350 

BF789 

BF792 

50  min 

0.025 

60 

10 

0.5 

30 

D40C1 
D40C2 

10k/60k 
40k  min 

0.2 
0.2 

0.35  typ 
0.35  typ 

0.8  typ 
0.8  typ 

1 
1 

75  typ 
75  typ 

6.25 
6.25 

40 

D40C4 
D40C5 

10k/60k 
40k  min 

0.2 
0.2 

0.35  typ 
0.35  typ 

0.8  typ 
0.8  typ 

1 
1 

75  typ 
75  typ 

6.25 
6.25 

120 

D40P1 

40  min 

0.08 

2.5 

0.08 

50 

6.25 

150 

2N6591 

40/200 

0.1 

35 

10 

180 

D40P3 

40  min 

0.08 

2.5 

0.08 

50 

6.25 

200 

2N6592 

30/200 

0.1 

35 

10 

225 

D40P5 

40  min 

0.08 

2.5 

0.08 

50 

6.25 

250 

2N6557 
MDS20 

BF460 
BF757 

BF463 
BF760 

40/180 
40/250 
30/200 
40/180 
40/180 

0.03 
0.03 
0.1 
0.03 
0.03 

45 

60 

35 
45/200 
45/200 

10 
10 
10 
10 
10 

300 

BF461 
BF758 
2N6558 

MDS21 

BF464 
BF761 

MDS60 

40/180 
40/180 
40/180 
30  min 
40/250 

0.03 
0.03 
0.03 
0.03 
0.03 

45/200 
45/200 

45 

60 

60 

10 
10 
10 
10 
10 

350 

2N6559 

BF462 

BF759 

BF465 
BF762 

40/180 
40/180 
40/180 

0.03 
0.03 
0.03 

45 
45/200 
45/200 

10 
10 
10 

1 

30 

D40D1 
D40D2 

D41D1 
D41D2 

10  min 
20  min 

1 
1 

0.2  typ 
0.2  typ 

0.05  typ 
0.05  typ 

1 
1 

200  typ 
200  typ 

10 
10 

45 

D40D4 
D40D5 

D41D4 
D41D5 

10  min 
10  min 

1 
1 

0.2  typ 
0.2  typ 

0.05  typ 
0.05  typ 

1 
1 

200  typ 
200  typ 

10 
10 

60 

2N6551 
D40D7 
D40D8 
BD415 
BD385 

D41D7* 
D41D8 
B0416 
BD386 

25  min 
10  min 
10  min 
80/300 
80/300 

0.5 
1 
1 

0.05 
0.05 

0.2  typ 
0.2  typ 

0.05  typ 
0.05  typ 

1 
1 

75 
200  typ 
200  typ 
75/350 
75/350 

10 
10 
10 
10 
10 

75 

D40D10 
D40D11 
D40O13 
D40D14 

D41D10 
D41D11 
D41D13 
D41D14 

10  min 
10  min 
50/150 
50/150 

1 
1 

0.1 
0.1 

0.2  typ 
0.2  typ 
0.2  typ 
0.2  typ 

0.05  typ 
0.05  typ 
0.05  typ 
0.05  typ 

1 
1 
1 
1 

200  typ 
200  typ 
200  typ 
200  typ 

10 
10 
10 
10 

(continued) 
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TABLE  7  —  TO-202AC  Package  (continued) 


trs-oi 


Resistive  Switching 

% 

U 

fr 

PD  (Case) 

icCont 

VCEO  (sus) 

Device  Type 

hFE 

@  lc 

MS 

MS 

@  lc 

MHz 

Watts 

Amps  Max 

Volts  Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

1 

80 

2N6552 
BD417 
BD387 

2N6555 
BD418 
BD388 

25  min 
80/300 
80/300 

0.5 
0.05 
0.05 

75 
75/350 
75/350 

10 
10 
10 

100 

2N6553 
B0419 
BD389 

2NG556 
BD420 
BD390 

25  min 
80/300 
80/300 

0.5 
0.05 
0.05 

75 
75/350 
75/350 

10 
10 
10 

150 

BF466 

40  min 

0.1 

100 

10 

160 

BF467 

40  min 

0.1 

100 

10 

250 

BF468 

40  min 

0.1 

100 

10 

2 

- 

30 

D40E1 
D40K1 
D40K3 

D41E1 
D41K1 
041 K3 

10  min 
1k  min 

1 

1.5 
1 

0.4  typ 

0.17  typ 

1 

230  typ 
75  tVD 
75  typ 

8 
10 
10 

40 

BD411 
BD412 
2N6548 
2N6549 

BD413 
BD414 

15k  min 
10k  min 
5k  min 
3k  min 

0.5 
0.5 
1 

100 
100 

10 
10 
10 
10 

1 

50 

O40K2 

D41K2 

1k  min 

1.5 

75  typ 
75  typ 

10 

D40K4 

D41K4 

1k  min 

1 

10 

60 

D40E5 

D41E5 

10  min 

1 

0.4  typ 

0.17  typ 

1 

230  typ 

8 

80 

D40E7 

D41E7 

10  min 

1 

0.4  typ 

0.17  typ 

1 

230  typ 

8 

3 

40 

MDS26f 

MDS76T 

30  min 

1 

50 

12.5 

60 

MDS27t 

MDS77t 

30  min 

1 

1  ' 

50 

12.5 

t  Style  3. 

srarju 
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TABLE  8  —  TO-218  Pi 


CASE  340-01 
PLASTIC 

STYLE  1 : 

PIN  1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4. 


icCont 

VcEO  (sus) 

hFE 

Resistive  Switching 

fT 
MHz 

P0  (Case) 
Watts 

Device  Type 

@  lc 

MS 

t, 
MS 

@  lc 

NP 

Amps  Max 

Volts  Min 

NPN 

r 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

5 

450 

MJH16002 
MJH16004 

5.0  min 
7.0  min 

5 
5 

3.0 
2.7 

0.30 
0.35 

3.0 
3.0 

100 
100 

500 

MJH16002A 





5.0  min 

5 

3.0 

0.30 

3.0 

100 

6 

375 

BU426 

30typ 

0.6 

2typ 

0.5  typ 

2.5 

6 

113 

400 

BU426A 

30typ 

0.6 

2typ 

0.5  typ 

2.5 

6 

113 

8 

450 

MJH16006 
MJH16008 

5.0  min 
7.0  min 

8 
8 

2.5 
2.2 

0.25 
0.25 

5.0 
5.0 

125 
125 

500 

BUT50P 
MJH16008A 

30  min 
5.0  min 

2 
8 

0.75  typ 
2.5 

0.1  typ 
0.25 

5 

5.0 

100 
125 

9 

400 

BUS47P 

7  min 

5 

1  typ 

0.2  typ 

6 

128 

450 

BUS47AP 

7  min 

6 

1  typ 

0.2  typ 

6 

1 28 

10 

40 

TIP33 

TIP34 

20  min 

3 

3.0 

80 

60 

TIP33A 
TIP140 
BDV65 

T1P34A 
T1P145 
BDV64 

20  min 
500  min 
1k  min 

3 

10 
5 

2.5  typ 

2.5  typ 

5.0 

3.0 
4.0# 

80 
125 
125 

80 

BDV65A 

T1P33B 

TIP141 

BDV64A 

T1P34B 

T1P146 

20  min 
500  min 

5 
3 
10 

2.5  typ 

2  5  typ 

5.0 

3.0 
4.0# 

125 
80 
125 

100 

T1P33C 
TIP142 
BDV65B 

TIP34C 
T1P147 
BDV64B 

20  min 
500  min 
1k  min 

3 
10 
5 

2.5  typ 

2.5  typ 

5.0 

3.0 
4.0# 

80 
125 
125 

120 

B0V65C 

BDV64C 

1k  min 

5 

125 

350 

BU323P 

150  min 

6 

15 

15 

6 

125 

400 

BU323AP 

150  min 

6 

15 

15 

6 

125 

800 

MJH16018 

7.0  min 

5 

2.0  typ 

0.5  typ 

5.0 

150 

15 

60 

T1P3055 

T1P2955 

5  min 

10 

2.5 

80 

150 

MJH11018 

MJH11017 

400/1 5k 

10 

3.0# 

150 

200 

MJH11020 

MJH11019 

400/1 5k 

10 

3.0# 

150 

250 

MJH11022 

MJH11021 

400/1 5k 

10 

3.0# 

150 

400 

BUS48P 

8  min 

10 

13  typ 

0.2  typ 

10 

150 

450 

BUS48AP 
MJH16010 
MJH16012 

8  min 
5.0  min 
7.0  min 

8 
15 
15 

1.3  typ 
1.2 
.9 

0.2  typ 
0.2 
0.15 

10 
10 
10 

150 
150 
150 

500 

MJH16010A 
BUT51P 

5.0  min 
40  mm 

15 
5 

3.0 
1.1  typ 

0.4 
0.16  typ 

10 
10 

150 
125 

16 

60 

MJH4033 

HJH4030 

1k  min 

10 

150 

90 

MJH4034 

MJH4031 

1k  min 

10 

150 

100 

MJE4340 

MJE4350 

15  min 

8.0 

12  typ 

1.2  typ 

8.0 

1.0 

125 

120 

MJE4341 
MJH4035 

MJE4351 
MJH4032 

15  min 
1k  min 

8.0 
10 

1.2  typ 

1.2  typ 

8.0 

1.0 

125 
150 

140 

MJE4342 

MJE4352 

15  min 

8.0 

1.2  typ 

1.2  typ 

8.0 

1.0 

125 

160 

MJE4343 

15  min 

8.0 

1.2  typ 

1.2  typ 

8.0 

1.0 

125 

#|hi.|@1MHz 


(continued) 
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TABLE  8  —  TO-218  Package  (continued) 


Resistive  Switching 

t( 

'T 

np 

icConl 

VCEO  (sus) 

Device  Type 

"Ft 

V±i  'C 

MS 

MS 

@  lc 

MHz 

Watts 

Amps  Max 

Volts  Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

20 

60 

MJH6282 

MJH6285 

750/1 8k 

10 

4.0# 

125 

80 

MJH6283 

MJH6286 

750/1 8k 

10 

4.0# 

125 

100 

MJH6284 

MJH6287 

750/1 8k 

10 

4.0# 

125 

25 

40 

T1P35 

TIP36 

10/75 

15 

0.6  typ 

0.3  typ 

10 

3.0 

125 

45 

BD249 

BD250 

10  min 

15 

3 

125 

60 

BD249A 

BD250A 

10  min 

15 

3 

125 

TIP35A 

TIP36A 

10/75 

15 

0.6  typ 

0.3  typ 

10 

3.0 

125 

80 

TIP35B 

T1P36B 

10/75 

15 

0.6  typ 

0.3  typ 

10 

3.0 

125 

BD249B 

BD250B 

10  min 

15 

3 

125 

100 

BD249C 

BD250C 

10  min 

15 

3 

125 

T1P35C 

T1P36C 

10/75 

15 

0.6  typ 

0.3  typ 

10 

3.0 

125 

#  |  hfe  |  @  1  MHz 
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TABLE  9  —  TO-220AB  Package 


CASE  221A-02 
PLASTIC 


STYLE  1: 

PIN  1. 

BASE 

2. 

COLLECTOR 

3. 
4. 

EMITTER 
COLLECTOR 



Resistive  Switching 

h 
MHz 

Pd  (Case) 
Watts 

@  25°C 

"  t, 

t| 

MS 

icCont 

VCEO  (sus) 

Device  Type 

@  'c 

lis 

@  lc 

Amps  Max 

Volts  Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

0.5 

40 

TIP61 

T1P62 

15/100 

0.5 

0.9  typ 

0.4  typ 

0.5 

3 

15 

60 

TIP61A 

T1P62A 

15/100 

0.5 

0.9  typ 

0.4  typ 

0.5 

3 

15 

80 

TIP61B 

TIP62B 

15/100 

0.5 

0.9  typ 

0  4  typ 

0.5 

3 

15 

100 

TIP61C 

TIP62C 

15/100 

0.5 

0.9  typ 

0.4  typ 

0.5 

3 

15 

350 

MJE2360T 
MJE2361T 

15  min 
40  min 

0.1 
0.1 

10  typ 
10  h/D 

30 
30 

1 

40 

TIP29 

TIP30 

15/75 

1 

0.6  typ 

0.3  typ 

1 

3 

30 

60 

TIP29A 

TIP30A 

15/75 

1 

0.6  typ 

0.3  typ 

1 

3 

30 

80 

TIP29B 

TIP30B 

15/75 

0.6  typ 

0.3  typ 

1 

3 

30 

100 

TIP29C 

T1P30C 

15/75 

1 

0.6  typ 

0.3  typ 

1 

3 

30 

120 

T1P29D 

TIP30D 

15/75 

1 

0.6  typ 

0.3  typ 

1 

3 

30 

140 

TIP29E 

TIP30E 

15/75 

1 

0.6  typ 

0.3  typ 

1 

3 

30 

160 

TIP29F 

TIP30F 

15/75 

1 

0.6  typ 

0.3  typ 

1 

3 

30 

250 

TIP47 

30/150 

0.3 

2  typ 

0.18  typ 

0.3 

10 

440 

300 

TIP48 

MJE5730 

30/150 

0.3 

2  typ 

0.18  typ 

0.3 

10 

40 

350 

TIP49 

MJE5731 

30/1 50 

0.3 

2  typ 

0.18  typ 

0.3 

10 

40 

400 

TIP50 

MJE5732 

30/1 50 

0.3 

2  typ 

0.18  typ 

0.3 

10 

40 

2 

45 

BD240 

15  min 

1 

3 

30 

60 

BD239A 
TIP110 

TIPIIS* 

15  min 
500  min 

1 

2 

1.7  typ 

1.3  typ 

2 

3 
25# 

30 
50 

80 

TIP111 
BD239B 

TIP116 
BD240B 

500  min 
15  min 

2 
1 

1.7  typ 

1.3  typ 

2 

25# 
3 

50 
30 

100 

TIP112 

BD240C 
T1P117 

15  min 
500  min 

1 

2 

1.7  typ 

1.3  Typ 

2 

3 
25# 

30 
50 

400 

BUX84 

3.5 

1.4 

1 

40 

450 

BUX85 

3.5 

1.4 

1 

40 

2.5 

700 

MJE8500 

7.5  min 

0.5 

4 

2 

1 

65 

750 

MJE12007 

1.1  min 

2 

1 .0 

2 

4  typ 

65 

800 

MJE8501 

7.5  min 

0.5 

4 

2 

1 

65 

3 

40 

TIP31 

T1P32 

25  min 

1 

0.6  typ 

0.3  typ 

1 

3 

40 

45 

BD241 

BD242 

25  min 

1 

3 

40 

60 

BD241A 
T1P31A 

BD242A 
T1P32A 

25  min 
25  min 

1 
1 

0.6  typ 

0.3  typ 

1 

3 
3 

40 
40 

80 

TIP31B 
BD241B 

TIP32B 
BD242B 

25  min 
25  min 

1 
1 

0.6  typ 

0.3  typ 

1 

3 
3 

40 
40 

100 

BD241C 
TIP31C 

BD242C 
TIP32C 

25  min 
25  min 

1 
1 

0.6  typ 

0.3  typ 

1 

3 
3 

40 
40 

120 

T1P31D 

T1P32D 

25  min 

1 

0.6  typ 

0.3  typ 

1 

3 

40 

140 

TIP31E 

TIP32E 

25  min 

1 

0.6  typ 

0.3  typ 

1 

3 

40 

140 

T1P31F 

TIP32F 

25  min 

1 

0.6  typ 

0.3  typ 

1 

3 

40 

450 

BUS45P 

6  min 

2 

0.4  typ 

.175  typ 

2 

75 

4 

30 

D44C1 
D44C2 
D44C3 

D45C1 
D45C2 
D45C3 

10  min 
10  min 
20  min 
20  min 
20  min 
20  min 

2 
2 
1 
2 
1 
1 

.5 
.5 
.5 
.5 
.5 
.5 

.075 
.050 
.075 
.050 
.075 
.050 

.1 
.1 
.1 
.1 
.1 
.1 

50 
40 
50 
40 
50 
40 

30 
30 
30 
30 
30 
30 

45 

D44C4 
D44C5 

D45C5 

10  min 
20  min 
20  min 

2 
1 
2 

.5 
.5 
.5 

.075 
.075 
.050 

.1 
.1 
.1 

50 
50 
40 

30 
30 
30 

ton       *  I  h,e  |  @  1  MHz 
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TABLE  9  —  TO-220AB  Package  (continued) 


1  

icCont 
Amps  Max 

VcEO  (sus! 

Device  Type 

hFE 

Min/Max 

@  lc 
Amp 

Resistive  Switching 

fT 
MHz 
Min 

PD  (Case) 
Watts 
@  25°C 

t. 
ps 
Max 

tf 

MS 
Max 

@  lc 
Amp 

Volts  Min 

NPN 

PNP 

4 

45 

D44C6 

20  min 
25/100 

1 

=; 

.075 
.050 
0.3  typ 

1 

50 
40 

2.5 

30 
30 
40 

2N6121 

D45C6 
2N6124 

1.5 

.5 
0.4  typ 

.1 

1.5 

BD533 

BD534 

25  min 

2 

3 

50 

60 

BD535 
2N6122 
MJE800T 
MJE801T 

BD536 
2N6125 
MJE700T 
MJE701T 

25  min 
25/100 
750  min 
750  min 

c 

1.5 
1.5 
2 

0.4  tyi 

) 

0.3  typ 

1.5 

3 

2.5 

1  # 

1# 

50 
40 
40 
40 
30 

D44C7 

10  min 

2 

.5 

.075 
.050 
.075 
.050 

50 

D44C8 

10  min 
20  min 

2 
1 

.5 
.5 

40 
50 
40 

30 
30 
30 

D45C8 

20  min 

2 

.5 

D44C9 

rviera 

20  min 
20  min 

1 

.5 
.5 

.075 
.050 

50 
40 

30 
30 

1 

an 

r\AAr-tn 

2 

.5 

:5 

.075 
.050 

50 
40 

30 
30 
30 
30 
30 

D45C10 

10  min 

2 

D44C11 
D44C12 

D45C11 

20  min 
20  min 
20  min 

1 
2 
1 

.5 
.5 
.5 

.050 
.075 

50 
40 
50 

BD537 
2N6123 
MJE802T 
MJE803T 

D45C12 

BD538 

2N6126 

MJE702T 

MJE703T 

20  min 
15  min 
20/80 
750  min 
750  min 

1 

2 

1  5 
1.5 
2 

.5 
.5 
0.4  ty[ 

) 

.050 
0.3  typ 

1.5 

40 

3 

1# 
1# 

30 
50 
40 
40 
40 

100 

FT317 

FT417 

20  min 

3 

0.8  tyi 

> 

0.5  typ 

4 

20 

40 

120 

FT317A 

FT417A 

20  min 

3 

0.8  typ 

) 

0.5  typ 

4 

20 

40 

140 

FT317B 

FT417B 

20  min 

3 

0.8  ty[ 

1 

0.5  typ 

4 

20 

40 

300 

MJE13004 

6/30 

3 

3 

0.7 

3 

4 

60 

400 

MJE13005 

6/30 

3 

0.7 

3 

4 

60 

5 

60 

TIP120 

TIP125 

1k  min 

3 

1.5  typ 

1  5  tVD 

3 

4# 

65 

80 

T1P121 

TIP126 

1k  min 

3 

1.5  typ 

1.5  typ 

3 

4# 

65 

100 

TIP122 

TIP127 

1k  min 

3 

1.5  typ 

1.5  typ 

4 

4# 

75 

250 

MJE51T 
2N6497 

5  min 
10/75 

5 

2.5 

2  typ- 
1.8 

0.8 

2.5 
2.5 

2.5 
5 

80 
80 

300 

MJE52T 
2N6498 

5  min 
10/75 

5 

2.5 

2  typ* 
1.8 

0.8 

2.5 
2.5 

2  5 
5 

80 
80 

350 

MJE53T 

9NK409 

5  min 
10/75 

5 

2.5 

2typ* 
1.8 

0.8 

2.5 
2.5 

2.5 
5 

80 
80 

400 

MJE13070 

8  min 

3 

1.5 

0.5 

3 

80 

450 

BUS46P 

MJE13071 

MJE16002 

7  min 

8  min 
5  min 

3 
3 
5 

.40  typ 
1.5 
a 

.175  typ 
0.5 
0.3 

3 
3 
3 

80 
80 
80 
80 

MJE16004 

7  min 

5 

2.7 

0.35 

3 

700 

MJE8502 

7.5  min 

1 

4 

2 

2.5 

80 

800 

MJE8503 

7.5  min 

1 

4 

2 

2.5 

80 

6 

40 

TIP41 

T1P42 

15/75 

3 

0.4  typ 

0.15  typ 

3 

3 

65 

45 

BD243 

BD244 

15  min 

3 

3 

65 

60 

BD243A 

BD244A 

15  min 

3 

3 
3 

65 
65 

TIP41A 

TIP42A 

15/75 

3 

0.4  tyf 

0.15  typ 

3 

80 

TIP41B 
BD243B 

TIP42B 
BD244B 

15/75 
15  min 

3 
3 

0.4  typ 

0.15  typ 

3 

3 
3 

65 
65 

TIP41C 
BD243C 

TIP42C 
BD244C 

15/75 
15  min 

3 
3 

0.4  tyf 

0.15  typ 

3 

3 
3 

65 
65 

120 

MJE5180 
TIP41D 

MJE5170 
TIP42D 

15/75 
15/75 

3 
3 

0.4  ty[ 

0.15  typ 

3 

3 

3 

65 
65 

140 

MJE5181 
TIP41E 

MJE5171 
TIP42E 

15/75 
15/75 

3 
3 

0.4  tyf 

0.15  typ 

3 

3 
3 

65 
65 

160 

MJE5182 
TIP41F 

MJE5172 
TIP42F 

15/75 
15/75 

3 
3 

0.4  typ 

0.15  typ 

3 

3 
3 

65 
65 

7 

30 

2N6288 

2N6111 

30/150 

3 

0.4  typ 

0.15  typ 

3 

4 

40 

40 
45 

2:r 

2N613 
BD79C 

2~ 

20/100 
25  min 

2.5 
3 

0.4  typ 

3 

2.5 
3 

— 

50 
65 

•t0„      #|hfe|@1MHZ  (continued) 
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TABLE  9  —  TO-220AB  Package  (continued) 


Resist 

ive  Switching 

ts 

ti 

It 

PD  (Case) 

*CEO  (sus) 

Device  Type 

nFE 

fni  l„ 

LIS 

MS 

@  lc 

MHz 

Watts 

Amps  M3X 

Unite  Min 
VUllo  (Villi 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

7 

50 

2N6290  

2N6109 

30/150 

2.5 

0.4  typ 

0.15  typ 

3 

4 

40 

mm 
60 

BD7M 

2N6133 
BD798 

20/100 
25  min 

2.5 
3 

0.4  typ 

0.15  typ 

3 

2.5 
3 

50 
65 

70 

2N6292 

2N6107 

30/150 

3 

0.4  typ 

0  15  typ 

4 

40 

80 

2N6131 
BD799 

2N6134 
BD800 

20/100 
15  min 

2.5 
3 

0.4  typ 

0.15  typ 

3 

2.5 
3 

50 
65 

100 

BD801 

BD802 

15  min 

3 

3 

65 

150 

BU407 

30  min 

1.5 

0.75 

5 

10 

60 

200 

BU406 

30  min 

1.5 

0.75 

5 

10 

60 

375 

BU522 

250  min 

2.5 

7.5 

75 

425 

BU522A 

250  min 

2.5 

7.5 

75 

450 

BU522B 

250  min 

2.5 

7.5 

75 

8 

40 

2N6386 

2N6666 

1k/20k 

3 

20# 

65 

45 

BDX53 
BD895 
BD895A 

BDX54 
BD896 
BD896A 

750  min 
750  min 
750  min 

3 

60 
70 
70 

60 

BDX53A 

TIP130 

BD897 

BD897A 

2N6043 

TIP100 

BDX54A 

TIP135 

BD898 

BD898A 

2N6040 

TIP105 

750  min 
1k/15k 
750  min 
750  min 
1k/10k 
1k/20k 

3 
4 
3 
4 
4 
3 

1.5  typ 
1.5  typ 

1.5  typ 
1.5  typ 

3 
3 

4# 
4# 

60 
70 

70 
75 
80 

80 

2N6044 

TIP101 

BDX53B 

TIP131 

BD899 

2N6041 

TIP106 

BDX54B 

T1P136 

BD900 

BD900A 

1k/10k 
1k/20k 

750  min 
1k/15k 

/du  min 

4 

3 
3 
4 

1.5  typ 

1  5  TVD 

1.5  typ 
1.5  typ 

3 
3 

4# 
4# 

75 
80 
60 
70 
70 

BD899A 

750  min 

4 

70 

 ™  

100 

BDX53C 

TIP132 

BD901 

BDX54C 

TIP137 

BD9C2 

/ou  min 
1k/15k 
750  min 

3 
3 

60 
70 
70 

2N6045 
TIP102 

2N6042 

npi07 

1k/10k 
1k/20k 

3 
3 

1.5  typ 
1.5  typ 

1.5  typ 
1.5  typ 

3 
3 

4# 

4# 

75 
80 

120 

MJE15028 
BDX53D 

MJE15029 
BDX540 

20  min 
750  min 

4 

3 

30 

50 
70 

150 

MJE15030 
BU807 

MJE15031 

20  min 
100  min 

4 

5 

0.55  typ 

0.2  typ 

5 

30 

50 
60 

200 

BU806 

1 00  min 

5 

0.55  typ 

0.2  typ 

5 

60 

300 

MJE13006 
MJE5740 

MJE5850 

5/30 
200  min 
15  min 

5 
4 

2 

3 

8  typ 
2 

0.7 
2  typ 
0.5 

5 
6 
4 

4 

80 
80 
80 

350 

MJE5741 

MJE5851 

200  min 
15  min 

4 

2 

8  typ 
2 

2  typ 
0.5 

6 
4 

80 
80 

400 

MJE5742 
MJE13007 

200  min 

4 

5 
2 

8  typ 
3 
2 

2  typ 
0.7 
0.5 

6 

80 

MJE5852 

5/30 
15  min 

5 
4 

4 

80 
80 

10 

30 

D44H1 

D45H1 

20  min 

4 

50 

044H2 

D45H2 

40  min 

4 

50 

40 

D44E1 

D45E1 

1000  min 

5 

2.0  typ 

0.5  typ 

10 

50 

45 

D44H4 
D44H5 

D45H4 
D45H5 

20  min 
40  min 

4 
4 

50 
50 

BDX33 
BD805 

BDX34 
BD806 

750  min 
1 5  min 

4 
4 

3 

1 .5 

70 
90 

60 

BDX33A 

BD807 

D44E2 

D44H7 

D44H8 

TIP140T 

MJE2801T 

MJE3055T 

BDX34A 

B0808 

D45E2 

D45H7 

D45H8 

D45H9 

TIP145T 

MJE2901T 

MJE2955T 

750  min 

1000  min 
20  min 
40  min 
40  min 

500  min 
25/100 
20/70 

4 
4 

5 
4 
4 
4 
10 
3 
4 

2.0  typ 
2.5  typ 

0.5  typ 
2.5  typ 

10 
5 

3 

1  5 
4.0# 

70 

an 
au 

50 

50 

50 

50 

125 

75 
75 

1k/20k 
1k  min 

» 



20# 
1# 

65 



SE9300 



I  1 

70 

#  1 1*  |  ®1MHz  (continued) 
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TABLE  9  —  TO-220AB  Package  (continued) 


icCont 
Amps  Max 

VCEO  (sus) 
Volts  Mm 

Device  Type 

Min/Max 

@  Ic 
Amp 

Resistive  Switching 

h 
MHz 
Min 

Po  (Case) 
Watts 

@  25°C 

t. 

ps 
Max 

ps 
Max 

@  Ic 
Amp 

NPN 

PNP 

10 

80 

D44E3 
TIP141T 

2N6388 

D44H10 

D44H11 

SE9301 

BDX33B 

BD809 

D45E3 

T1P146T 

D45H12 

2N6668 

D45H10 

D45H11 

SE9401 

BDX34B 

BD810 

1000  min 
500  min 
40  min 
1k/20k 
20  min 
40  min 
1k  min 
750  min 
1 5  min 

5 

10 
4 
5 
4 
4 
4 
3 
4 

2  0  tvD 
2.5  typ 

0.5  typ 
0.5  typ 

0.5  typ 
2.5  typ 

0.14  typ 
0.14  typ 

10 

5 

5 

5 

4.0# 

20  # 
50  typ 
50  typ 

1# 
3 

1.5 

50 
125 
50 
65 
50 
50 
70 
70 
90 

100 

BDX33C 
T1P142T 

B0X34C 
TIP147T 
SE9402 

750  min 
500  min 
1k  min 

3 
10 
4 

2.5  typ 

2.5  typ 

5 

3 
4.0# 
1# 

70 
125 
70 

120 

BDX33D 

BDX34D 

750  min 

3 

3 

70 

12 

90 

BUV26 

1 

0.15 

12 

85 

120 

BUV27 

1.2 

0.40 

8 

85 

BUS36 

30  min 

10 

0.5  typ 

0.12  typ 

12 

30 

107 

150 

BUS37 

30  min 

10 

12 

30 

107 

300 

MJE13008 

6/30 

8 

3 

0.7 

8 

4 

100 

400 

MJE13009 

6/30 

8 

3 

0.7 

B 

4 

100 

15 

30 

D44VH1 

D45VH1 

20  min 

4 

0.7 

0.09 

8 

50  typ 

83 

40 

2N6486 

2N6489 

20/150 

5 

0.6  typ 

0.3  typ 

5 

5 

75 

45 

044VH4 
BDW39 

D45VH4 
BDW44 

20  min 
250  min 

4 

0.5 

0.09 

8 

50  typ 

83 
85 

BDW40 
2N6487 
D44VH7 

BOW45 
2N6490 
D45VH7 

250  min 
20/150 
20  min 

10 
5 
4 

4 

5 

50  typ 

85 
75 
83 

60 

0.6  typ 
0.5 

0.3  typ 
0.09 

5 
8 

80 

2N6488 

D44VH10 

BDW41 

2N6491 

D45VH10 

BDW46 

20/150 
20  min 
250  min 

5 
4 
10 

0.6  typ 
0.5 

0.3  typ 
0.09 

5 
8 

5 

50  typ 
4 

75 
83 
85 

100 

BDW42 

BDW47 

250  min 

10 

4 

85 

120 

BDW43 

BDW48 

250  min 

10 

4 

85 

#  I  hfe  |  @  1  MHz 
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TABLE  10  —  MO-040AA 


CASE  346-01 

HIGH  CURRENT  PACKAGE 


icCont 
Amps  Max 


Vceo  (sus) 
Volts  Min 


Device  Type 


Min/Max 


@  lc 
Amps 


(is 
Max 


ti 

MS 
Max 


@  lc 
Amps 


Pd  (Case) 
Watts 

@  25°C 


MJ10050 
MJ10051 


40  min 
40  min 


100 
10 


35 
5 


500 


750 


150 


450 


MJ10100 
MJ10101 


60  min 
60  min 


100 


25 
3.75 


10 
1.25 


100 


350 


MJ10102 


60  min 


100 


3.75 


100 


250 


MJ10200 
MJ10201 


90  min 
90  min 


J  




90  min 


200 


20 
4 



4 


8 

1.0 


 L 


200 


TABLE  10A 


CASE  353-01 

MEDIUM  CURRENT  PACKAGE 


ts 

4 

PD  (Case) 

icCont 

Vceo  (sus) 

Device  Type 

hFE 

@  lc 

MS 

MS 

@  lc 

Watts 

Amps  Max 

Volts  Min 

NPN 

PNP 

Min/Max 

Amps 

Max 

Max 

Amps 

@  25°C 

37.5 

850 

MJ10041 

25  min 

25 

10 

5 

25 

250 

MJ10042 

35  min 

25 

100 

35 

25 

75 

450 

MJ10044 

50  min 

50 

3.8 

50 

MJ10045 

50  min 

50 

25 

10 

50 

100 

250 

MJ10047 

75  min 

100 

4.0 

1.0 

100 

MJ10048 

75  min 

100 

20 

8 

100 
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SELECTION  BY 
MAJOR  PRODUCT 
CATEGORIES 


■ 


Page 

Power  Darlingtons   2-24 

Power  Switching  Transistors  2-28 

Switchmode  Power  Transistors  2-32 
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TABLE  11  —  Power  Darlingtons 


Resistive  Switching 

I  in.  I 

icCont 

t8 

tf 

@ 

Pp  (Case) 

Amps 

VcEO  (sus) 

Device  Type 

@  lc 

ps 

ps 

@  lc 

1  MHz 

Watts 

Case 

Max 

Volts  Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

JEDEC/MOT 

0.5 

30 

D40C1 
O40C2 

10k/60k 
40k  min 

0.2 
0.2 

0.35  typ 
0.35  typ 

0.8  typ 
0.8  typ 

1 
1 

75  typ 
75  typ 

10 
6.25 

TO-202/306 

40 

D40C4 
D40C5 

10k/60k 
40k  min 

0.2 
0.2 

0.35  typ 
0.35  typ 

0.8  typ 
0.8  typ 

1 

1 

75  typ 
75  typ 

10 
6.25 

TO-202/306 

2 

30 

D40K1 

D41 K1 
D41K3 

1k  min 

1.5 
1.5 

75  typ 

7*\  tun 

typ 

10 
10 

TO-202/306 

40 

2N6548 

2N6549 

MPS-U45 

BD411 

BD412 

MPS-U95 

BD413 

B0414 

5k  min 
3k  min 
4k  min 
1 5k  min 
15k  min 

1 
1 
1 

0.5 
0.5 

100 

100 
100 

10 
10 
10 
10 
10 

TO-202/306 
TO-202/306 

TO-202/306 
TO-202/306 

60 

TIP110 

TIP115 

1k  min 

1 

2  typ 

1  typ 

1 

25 

50 

TO-220/221A 

80 

TIP111 

TIP116 

1k  min 

1 

2  typ 

1  typ 

1 

25 

50 

TO-220/221A 

100 

TIP112 
MJE270 

TIP117 
MJE271 

1k  min 
1 .5k  min 

1 

0.12 

2  typ 

1  typ 

1 

25 
6 

50 
25 

TO-220/221A 
TO- 126777 

4 

40 

MJE3300 
2N6037 

MJE3310 
2N6034 

1k  min 
750/1  k 

1 

2 

1.7  typ 

1 .2  typ 

20 
25 

15 
40 

TO-1 26/77R 
TO-1 26/77 

45 

BD675 
BD675A 

BD676 
BD676A 

750  min 
750  min 

1.5 
1.5 

40 
40 

TO-1 26/77 
TO-1 26/77 

60 

MJE3301 

MJE800 

MJE800T 

MJE801 

MJE801T 

2N6038 

2N6294 

MJE3311 

MJE700 

MJE700T 

MJE701 

MJE701T 

2N6035 

2N6296 

1k  min 
750  min 
750  min 
750  min 
750  min 
750/1 8k 
750/1 8k 

1 

1.5 
1.5 

2 

2 

2 

2 

1.7  typ 
0.9  typ 

1.2  typ 
0.7  typ 

2 
2 

20 
1 
1 
1 
1 

25 
4 

15 
40 
40 
40 
40 
40 
50 

TO-126/77R 
TO-1 26/77 

TO-220/221A 
TO-1 26/77 

TO-220/221A 
TO-1 26/77 
TO/66/80 

60 

BD677 
BD677A 

BD678 
BD678A 

750  min 
750  min 

1 .5 
1.5 

40 
40 

TO-1 26/77 
TO-1 26777 

80 

MJE3302 

MJE802 

MJE802T 

MJE803 

MJE803T 

2N6039 

2N6295 

BD679 

BD679A 

MJE3312 

MJE702 

MJE702T 

MJE703 

MJE703T 

2N6036 

2N6297 

BD680 

nnAAnA 

DUDOUH 

1k  min 
750  min 
750  min 
750  min 
750  min 
750/1 8k 
750/1 8k 
750  min 
750  min 

1 

1.5 

1 .5 
2 
2 
2 
2 

1.5 
2 

1 .7  typ 
0.9  typ 

1 .2  typ 
0.7  typ 

2 
2 

20 
1 
-| 

1 
1 

25 
4 

15 
40 

40 
40 
40 
50 
40 
40 

TO-126/77R 

TO-1 26/77 
1  \J-£.£\JI  4L£\  A 

TO-1 26/77 
TO-220/221A 

TO-1 26/77 
TO-66/80 

TO-1 26/77 

TO-1  Ofi/77 
I      I  to/  /  / 

100 

BD681 

BD682 

750  min 

1 .5 

40 

TT1  1  OR/77 

5 

60 

MJE1100 
MJE1101 
TIP120 

MJE1090 
MJE1091 
TIP125 

750  min 
750  min 
1k  min 

3A 
4A 

3 

1.5  typ 

1.5  typ 

3 

1 
1 
4 

70 
70 
65 

TO-1 27/90 
TO-1 27/90 
TO-220/221A 

80 

MJE1102 
MJE1103 
TIP121 

MJEI092 
MJE1102 
TIP126 

750  min 
750  min 
1k  min 

3A 
4A 

3 

1.5  typ 

1 .5  typ 

3 

1 
1 
4 

70 
70 
65 

TO-1 27/90 
TO-1 27/90 
TO-220/221A 

100 

TIP122 

TIP127 

1k  min 

3 

1.5  typ 

1.5  typ 

3 

4 

65 

TO-220/221A 

7 

300 

MJ3041 

250  min 

2.5 

100 

TO-204/1 

350 

MJ3042 

250  min 

2.5 

100 

TO-204/1 

375 

BU522 

250  min 

2.5 

7.5 

75 

TO-220/221A 

425 

BU522A 

250  min 

2.5 

7.5 

75 

TO-220/221A 

450 

BU522B 

250  min 

2.5 

7.5 

75 

TO-220/221A 

8 

40 

2N6386 

2N6666 

1k/20k 

3 

20 

65 

TO-220/221A 

45 

BD895 

BD895A 

BDX53 

BD896 

B0896A 

BDX54 

750  min 
750  min 
750  min 

3 
3 

70 
70 
60 

TO-220/221A 
TO-220/221 A 
TO-220/221A 

60 

MJ1000 

TIP100 

2N6043 

2N6300 

2N6055 

MJE6043 

BD897 

BD897A 

BDX53A 

MJ900 

TIP105 

2N6040 

2N6298 

2N6053 

MJE6040 

BD898 

BD898A 

BDX54A 

1k  min 
1k/20k 
1k/10k 
750k/18k 
750k/18k 
1k/20k 
750  min 
750  min 
750  min 

3 
3 
4 
4 
4 
4 
3 
4 
3 

1.5  typ 
1.5  typ 
1.5  typ 
1.5  typ 
1.5  typ 

1.5  typ 
1.5  typ 
1.5  typ 
1.5  typ 
1.5  typ 

3 
3 
4 
4 
4 

4 
4 
4 
4 

2 

90 
80 
75 
75 
100 
75 
70 
70 
60 

TO-204/1 1 
TO-220/221  A 
TO-220/221  A 
TO-66/80 
TO-204/1 1 
TO-1 27/90 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 

(continued) 
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TABLE  11  —  Power  Darlingtons  (continued) 


Resistive  Switching 

icCont 
Amps 

VcEO  (sus) 

Device  Type 

hFE 

@  h 

ts 
MS 

tf 

us 

@  lc 

I  ft*  I 
@ 

1  MHz 

PD  (Case) 
Watts 

Case 

voiib  rviiii 

NPN 

PNP 

Min/Max 

Max 

Max 

Amp 

@  25°C 

JtUtWMU  1 

MJ1001 
TIP101 
2N6044 

MJ901 
TIP106 
2N6041 

8 

so 

1k  min 
1k/10k 

3 
3 
4 

1.5  typ 
1.5  typ 
1^5  typ 
1.5  typ 
1.5  typ 

1.5  typ 

1  5  tVD 

1.5  typ 
1.5  typ 
1 .5  typ 

3 
3 

4 
4 

90 
80 

75 

TO-204/1 1 

I  U-<1<1U/^21  A 

TO-220/221A 
TO-66/80 
TO-204/1 1 
TO-1 27/90 
TO-220/221A 
TO-220/221A 
TO-220/221A 

2N6301 

2N6056 

MJE6044 

BD899 

BD899A 

□nvcoo 

2N6299 

2N6054 

MJE6041 

BD900 

BD900A 

BDX54B 

750k/18k 
750k/18k 
1k/20k 
750  min 
750  min 
750  min 

4 
4 
4 

3 
4 
3 

4 
4 
4 

4 
4 

2  | 

75 
100 
75 
70 
70 
60 

100 

MJEG045 
TIP102 

MJtbU4tI 

T1P107 

1k/20k 
1k/20k 

4 

3 

1.5  typ 
1.5  typ 

1.5  typ 
1  5  typ 

4 

3 

2 
4 

75 
80 

TO- 127/90 
TO-220/221A 

2N6045 

BD901 

BDX53C 

2N6042 
BD902 
BDX54C 

1k/10k 
750  min 
750  min 

4 

3 
3 

1.5  typ 

1.5  typ 

a 

j    4  i| 

75 
70 
60 

TO-220/221A 
TO-220/221A 
TO-220/221A 

120 

BDX53D 

BDX54D 

750  min 

3 

70 

TO-220/221A 

150 

BU807 

1 00  min 

5 

0.55  typ 

0.2  typ 

5 

60 

TO-220/221A 

200 

BU806 

100  min 

5 

0.55  typ 

0.2  typ 

5 

60      T  TO-220/221A 

300 

MJE5740 

200/400 

4 

8  typ 

2  typ 

6 

80      1  TO-220/221A 

350 

MJE5741 

200/400 

4 

8  typ 

2  typ 

6 

80       I  TO-220/221A 

400 

MJE5742 

200/400 

4 

8  typ 

2  typ 

6 

80       1  TO-220/221A 

500 

BUT50P* 

30  min 

2 

.75  typ 

.1  typ 

5 

100 

TO-2 18/340 

1400 

MJ 10011 

20  min 

4 

1 

4 

80 

TO-204/1 

10 

40 

2N6383 
D44E1 

2N6648 
045E1 

1k/20k 
1000  min 

5 
5 

2.0  typ 

0.5  typ 

10 

20 

100 
50 

TO-204/1 1 
TO-220/221A 

45 

BDX33 

BDX34 

750  min 

4 

3 

70 

TO-220/221A 

60 

mo JUUU 

2N6387 

2N6384 

D44E2 

T1P140 

T1P140T 

BDX33A 

M  J 2500 

2N6667 

2N6649 

D45E2 

TIP145 

T1P145T 

BDX34A 

1k  min 
1k/20k 
1k/20k 
1000  min 
500  min 
500  min 
750  min 

5 
5 

20 

150 
65 

TO-204/1 
TO-220/221A 

5 
5 
10 
10 
4 

2.0  typ 

2  5  tvn 
iyp 

2.5  typ 

0.5  typ 

2  *i  tvn 
c.u  iyp 

2.5  typ 

10 
5 

5 

20 

4 
4 

3 

100 
50 
125 
125 
70 

1  U^U4/ 1 1 
TO-220/221A 
TO-21 8/340 
TO-220/221A 
TO-220/221A 

BDV65 

BDV64 

1k  min 

5 

125 

TO-21 8/340 

80 

MJ3001 
2N6388 
2N6385 
D44E3 

2N2501 
2N6668 
2N6650 
D45E3 

1k/min 
1k/20k 
1k/20k 
1000  min 

5 
5 
5 
5 

2.0  typ 

0.5  typ 

10 

20 
20 

150 
65 
100 
50 

TO-204/1 
TO-220/221A 

TO-204/1 1 
TO-220/221A 

T1P141 
TIP141T 
BDX33B 
BDV65A 

T1P146 
T1P146T 
BDX34B 
BDV64A 

500  min 
500  min 
750  min 
1k  min 

10 
10 
3 
5 

2.5  typ 
2.5  typ 

2.5  typ 
2.5  typ 

5 
5 

"T  *•< 

4 

3 

125 
125 
70 
125 

TO-21 8/340 
TO-220/221A 
TO-220/221A 

TO-21 8/340 

100 

T1P142 
T1P142T 

[_BDV65B 

T1P147 
TIP147T 

DUAJ4L. 

BDV64B 

500  min 
500  min 
750  min 
1k  min 

10 
10 

3 
5 

2.5  typ 
2.5  typ 

2.5  typ 
2.5  typ 

5 
5 

4 
4 

3 

125 
125 
70 
125 

TO-21 8/340 
TO-220/221A 
TO-220/221A 

TO-21 8/340 

120 

BDX33D 
BDV65C 

BDX34D 
BDV64C 

750  min 
1k  min 

3 
5 

3 

70 
125 

TO-220/221A 
TO-21 8/340 

350 

BU323 
MJ10002 

NW  IUUUDW 

350  typ 

JU/oUU 
30/300 

6 
5 
5 

7.5  typ 
2.5 
1  5 

5.2  typ 
1 

0.5 

6 
5 
5 

10 
10 

175 
150 
150 

TO-204/1 1 
TO-204/1 
TO-204/1 

400 

u  unnni 
MJ10007* 

MJ10012 
BU323A 

30/300 
30/300 
100/2k 
jou  iyp 

5 
5 
6 
g 

2  5 
1.5 
15 
7.5  typ 

0.5 
15 
5.2  typ 

5 
6 
6 

10 
10 

150 
150 
175 
175 

TO-204/1 
TO-204/1 
TO-204/1 
TO-204/1 1 

550 

MJ10013* 

1 0/250 

10 

2.5 

0.8 

10 

175 

TO-204/1 

600 

MJ10014* 

1 0/250 

2.5 

0.8 

10 

175 

TO-204/1 

12 

60 

2N6057 

2N6050 

750/1 8k 

6 

1.6  typ 

1.5  typ 

6 

4 

150 

TO-204/1 

80 

2N6058 

2N6051 

750/1 8k 

6 

1.6  typ 

1.5  typ 

6 

4 

150 

TO-204/1 

100 

2N6059 

2N6052 

750/1 8k 

6 

1.6  typ 

1.5  typ 

6 

150 

TO-204/1 1 

1000 

BUT16* 

5  min 

8 

2  Iyp 

.8  typ 

8 

150 

TO-204/1 1 

15 

60 

2N6576 

2k/20k 

4 

2 

7 

10 

10/200 

120 

TO-204/1 1 

90 

2N6577 

2k/20k 

4 

2 

7 

10 

10/200 

120 

TO-204/1 1 

120 

2N6578 

2k/20k 

4 

2 

7 

10 

1 0  '200 

120 

TO-204/1 1 

'trf,      •  Darlingtor 

with  speed-up  diode. 

(continued) 
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TABLE  11  —  Power  Darlingtons  (continued) 


icCont 
Amps 
Max 

VCEO  (SOS) 

Volts  Min 

Device  Type 

hFE 

Min/Max 

Resistive  Switching 

I 

1 

h,e 

@ 

MHz 

Min 

Po  (Case) 
Watts 

@  25°C 

Case 
JEDEC/MOT 

@  lc 
Amp 

t 

MS 
Max 

t| 
MS 
Max 

@  lc 
Amp 

NPN 

PNP 

15 

MJ11018 
MJH11018 

MJ11017 
MJH11017 

1  OH  min 
IUU  Nllfl 

100  min 

1 5 
15 

3# 
3 

150 

1  kJ-<£u**/  1 

TO-21 8/340 

200 

MJ11020 
MJH11020 

MJ11019 
MJH11019 

100  min 
100  min 

15 
15 

3# 
3 

175 
150 

TO-204/1 
TO-21 8/340 

250 

MJ11022 
MJH11022 

MJ11021 
MJH11021 

100  min 

1  fid  min 
IUU  MUM 

15 
1 5 

3# 
3 

175 

TO-204 '1 

500 

BUT51 P 

40  min 

5 

1.1  typ 

.16  typ 

10 

125 

TO-21 8/340 

16 

60 

MJ4033 
MJH4033 

MJ4030 
MJH4030 

1km  min 
1k  min 

10 
10 

150 
150 

TO-204/1 
TO-21 8/340 

80 

MJ4034 

MJ4031 

1k  min 

10 

150 

TO-204/1 

90 

MJH4034 

MJH4031 

1k  min 

10 

150 

TO-21 8/340 

100 

MJ4035 

MJ4032 

1k  min 

10 

150 

TO-204/1 

120 

MJH4035 

MJH4032 

1k  min 

10 

150 

I  \J-d  I  o/o4U 

20 

60 

2N6282 
MJH6282 

2N62B5 
MJH6285 

750/1 8k 
750/1 8K 

10 
10 

2.5  typ 
2.5  typ 

2.5  typ 
2.5  typ 

10 
10 

4 
4 

160 
125 

TO-204/1 
TO-21 8/340 

80 

2N6283 
MJH6283 

2N6286 
MJH6286 

750/1 8k 
750/1 8K 

10 
10 

2.5  typ 
2.5  typ 

2.5  typ 
2.5  typ 

10 
10 

4 
4 

160 
125 

TO-204/1 
TO-21 8/340 

100 

2N6284 
MJH6287 

2N6287 
MJH6284 

750/1 8k 
750/1 8K 

10 
10 

2.5  typ 
2.5  typ 

2.5  typ 
2.5  typ 

10 
10 

4 
4 

160 
125 

TO-204/1 
TO-21 8/340 

350 

MJ 10000 

40/400 

10 

3 

1.8 

10 

10 

175 

TO-204/1 

MJ10004* 

40/400 

10 

1.5 

0.5 

1 

10 

175 

TO-204/1 

400 

MJ10001 

1U/HUU 

10 

3 

1.8 

10 

10 

MJ10005* 

40/400 

10 

1.5 

0.5 

10 

175 

TO-204/1 

450 

MJ10008* 

30/300 

10 

2 

0.6 

10 

8 

175 

TO-204/1 

500 

MJ10009* 

30/300 

10 

2 

0.6 

10 

8 

175 

TO-204/1 

700 
750 

BUT15* 

15  min 

12 

1.2  typ 

.3  typ 

12 

175 

TO-204/1 1 

MJ10024 

50/600 

20 

5 

1.8 

10 

250 

TO-204/1 

850 

MJ10025 

50/600 

20 

5 

1.8 

10 

250 

TO-204/1 

24 

1000 

BUT36* 

5  min 

16 

4.5  typ 

1.7  typ 

16 

250 

TO-204/1 97 

25 

500 

BUT1 

4* 

16 

1.3  typ 

3  typ 

16 

175 

TO-204/1 1 

850 

MJ10041* 

MJ10042 

25  min 
35  min 

25 
25 

10 
100 

5 

35 

25 
25 

250 
250 

— /353 

28 

400 

BUT13* 

20  min 

18 

1.1  typ 

.3  typ 

18 

175 

TO-204/1 1 

30 

60 

MJ11012 

MJ11011 

1k  min 

20 

4 

200 

TO-204/1 

90 

MJ11014 

MJ11013 

1k  mm 

20 

4 

200 

TO-204/1 

120 

MJ11016 

MJ11015 

1k  min 

20 

4 

200 

TO-204/1 

40 

350 

MJ10022« 

50/600 

10 

2.5 

0.9 

20 

250 

TO-204  Mod/197 

400 

MJ10023* 

50/600 

10 

2.5 

0.9 

20 

250 

TO-204  Mod/197 

700 

BUT35* 

15  min 

24 

2.8  typ 

.65  typ 

24 

250 

TO-204/1 97 

50 

60 

MJ 11028 

MJ11029 

400  mm 

50 

300 

TO-204  Mod/197 

90 

MJ11030 

MJ11031 

400  min 

50 

300 

TO-204  Mod/197 

120 

MJ11032 

MJ11033 

400  min 

50 

300 

TO-204  Mod/197 

400 

MJ10015* 

10  min 

40 

2.5 

0.5 

20 

10 

250 

TO-204  Mod/197 

450 

MJ10044* 

MJ10045 

50  min 

□U  1  M I  m 

50 
50 

3.8 
2.5 

1.3 
10 

50 
50 

250 

— /353 

500 

MJ10016* 
BUT34* 

10  min 

40 

2.5 
1.8  typ 

0.5 

20 

10 

250 
250 

TO-204  Mod/197 
i  u-^04/1  y  / 

.1  typ 

32 

60 

200 

MJ10020« 

75/1  k  min 

15 

3.5 

0.5 

30 

250 

TO-204  Mod/197 

250 

MJ10021* 

75/1  k  min 

15 

3.5 

0.5 

30 

250 

TO-204  Mod/197 

75 

750 

MJ10052* 

40  min 

50 

10 

5 

50 

500 

MO-040/346 

850 

MJ10050 
MJ10051* 

40  min 
40  min 

50 
50 

100 

35 

50 

500 

MO-040/346 

10 

5 

50 

500 

MO-040/346 

100 

250 

MJ10047* 
MJ10048* 

75  min 
75  min 

100 
100 

4.0 
20 

1.0 
8.0 

100 
100 

250 
250 

— /353 
— /353 

*  I  hte  I  @  1  MHz      •  Darlington  with  speed-up  diode.  (continued) 
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TABLE  11  —  Power 


(continued) 


Resistive  Switching 

Ihtol 

icCont 

~K"  ' 

H  ' 

@ 

PD  (Case) 

Amps 

VCEO  {sus) 

Device  Type 

@  lc 

MS 

ps 

@  lc 

1  MHz 

Watts 

Case 

Max 

Volts  Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

JEDEC/MOT 

150 

350 

MJ10102* 

60  min 

100 

3.75 

1.25 

100 

500 

MO-040/346 

MJ10100 

450 

60  min 

100 

25 

10 

100 

500 

MO-040/346 

MJ10101* 

60  min 

100 

3.75 

1.25 

100 

500 

MO-040/346 

300 

200 

MJ10202* 

90  min 

200 

4 

1 

200 

500 

MO-040/346 

250 

MJ10200 

90  min 

200 

20 

8 

200 

500 

MO-040/346 

MJ10201* 

90  min 

200 

4 

1 

200 

500 

MO-040/346 

•  Darlington  with  speed-up  diode. 
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TABLE  12  —  Power  Switching  Transistors 

VcE0  <  200  V 

(See  next  page  for  200  Volts  and  greater.) 


Resistive  Switching 

icCont 
Amps 

VcEO  (sire) 

Device  Type 

hFE 

@  lc 

t.  i  '" 
MS 

It 
MS 

@  lc 

IhfcJ 

@ 
1  MHz 

PD  (Case) 
Watts 

Case 

Max 

Volts  Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

JEDEC/MOT 

0.1 

250 

BF787 

BF790 

50  min 

.025 

I     60     1       10       I  TO-202/306.04 

300 

BF788 

BF791 

50  min 

.025 

60     I       10  fTO-202/306.04 

350 

BF789 

BF792 

50  min 

.025 

10 

TO-202/306.04 

0,5 

250 

BD157 
BF757 
BF460 

BF760 
BF463 

30/240 
40/180 
40/180 

.05 
.03 
.03 

45/200 
45/200 

20 
10 
10 

TO-1 26/77 
TO-202/306.04 
TO-202/306.04 

300 

BD232 

BD158 

BF758 

BF461 

MJE340S 

MJE340 

BF761 
BF464 

MJE350 

20  min 
30/240 
40/180 
40/180 
65  min 
30/240 

.15 
.05 
.03 
.03 
.12 
05 

45/200 
45/200 

20 
20 
10 
10 
20 
20.8 

TO-1 26/77 
TO- 126/77 
TO-202/306.04 
TO-202/306.04 
TO- 126/77 
TO-1 26/77 

350 

BD159 
BF759 
BF462 

BF762 
BF465 

30/240 
40/180 
40/180 

05 
.03 

.03 

45/200 
45/200 

20 
10 
10 

TO-1 26/77 
TO-202/306.04 
TO-202/306.04 

1 

40 

2N4910 

2N4898 
2N3244 
2N3467 

20/100 
50/150 
40/120 

.5 
0.5 
0.5 

.6  typ 
0.14 
0.06 

.3  typ 
0.045 
0.03 

.5 
0.5 
0.5 

3 
175 
175 

25 
5 
5 

TO-66/80 
TO-39/79 
i  u-jy/  /  y 

50 

2N3245 
2N3468 

30/90 
40/120 

0.5 
0.5 

0.12 
0.06 

0.045 
0.03 

0.5 
0.5 

150 
175 

5 
5 

i  u-jy//y 
TO-39/79 

60 

2N4911 

2N4899 

20/100 

.5 

6  typ 

■3  typ 

.5 

3 

25 

TO-66/80 

65 

MM4036 

20/40 

0.5 

0.175" 

0.15 

60 

7 

TO-39/79 

80 

2N4912 

2N4900 

20/100 

.5 

.6  typ 

.3  typ 

.5 

3 

25 

TO-66/80 

150 

BF466 

40  min 

.1 

100 

10 

TO-202/306.04 

180 

BF467 

40  min 

.1 

100 

10 

TO-202/306.04 

250 

BF468 

40  min 

.1 

100 

10 

1.5 

40 

2N3762 

30/120 

1 

0.08 

0.035 

1 

180 

4 

TO-39/79 

45 

BD135.6 
BD135.10 
BD135.16 
BD165 

BD136.6 
BD136.10 
BD1 36.16 
BD166 

40/100 
63/160 
100/250 
15  min 

.15 
.15 
.15 
.5 

6 

12.5 
12.5 
12.5 
20 

TO-1 26/77 
TO-1 26/77 
TO-126/77 
TO-1 26/77 

50 

2N3734 

30/120 

1 

0.03 

0.03 

1 

250 

4 

TO-39/79 

60 

BD137.6 
BD137.10 
BD137.16 
BD167 

2N3763 

BD138.6 

BD138.10 

BD138.16 

BD168 

20/80 
40/100 
63/160 
100/250 

1 

.15 
.15 
.15 
g 

0.08 

0.035 

1 

150 
6 

4 

12.5 
12.5 
12.5 
20 

TO-39/79 
TO-126/77 
TO-1 26/77 
TO-1 26/77 
TO-126/77 

75 

2N3735 

20/80 

1 

0.03 

0.03 

1 

250 

4 

TO-39/79 

80 

B0139.6 
BD1 39.10 
BD139.16 
BD169 

BD  140.6 
BD1 40.10 
BD140.16 
BD170 

40/100 
63/160 
100/250 
15  min 

.15 
.15 
.15 
.5 

6 

12.5 
12.5 
12.5 
20 

TO-126/77 
TO-126/77 
TO-1 26/77 
TO-126/77 

2 

20 

BD505 

BD506 

90typ 

1 

180  typ 

10 

C152 

30 

BD507 

BD508 

90typ 

1 

180  typ 

10 

C152 

40 

BD509 
2N5859 

BD510 

90  typ 
30/120 

1 

.5 

.035 

.035 

.1 

180  typ 
250 

10 
5 

C152 
TO-39/79 

45 

BD233 
BD515 

BD234 
BD516 

55  typ 

.5 

3 

160  typ 

25 
10 

TO-126/77 
C152 

60 

2N5861 
BD235 
B0385 
BD415 
BD517 

BD236 
BD386 
BD416 
B0518 

25/100 
25  min 
80/300 
80/300 
55  typ 

.5 
1 

.05 
.05 

.5 

.035 

.05 

.1 

200 

3 

75/350 
75/350 
160  typ 

5 
25 
10 
10 
10 

TO-39/79 
TO-126/77 
TO-202/306.04 
TO-202/306.04 
C152 

80 

BD237 
BD387 
BD417 
BD519 

BD238 
B0388 
BD418 
BD520 

25  min 
80/300 
80/300 
55  typ 

1 

.05 
.05 
.5 

3 

75/350 
75/350 
160  typ 

25 
10 
10 
10 

TO-126/77 
TO-202/306.04 
TO-202/306.04 
C152 

100 

BD389 
BD419 

BD390 
BD420 

80/300 
80/300 

.05 
.05 

75/350 
75/350 

10 
10 

TO-202/306.04 
TO-202/306.04 

'  'oti  (continued) 
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TABLE  12  —  Power  Switching  Transistors  (continued) 


Resistive  Switching 

I  hi.  I 

icCont 

I 

t| 

@ 

Pd  (Case) 

Amps 

VcEO  Cinsl 

Device  Type 

Hfe 

@  lc 

US 

MS 

@  lc 

1  MHz 

Watts 

Case 

Max 

Volts  Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

JEDEC/MOT 

2 

100 

BD529 

BD530 

98typ 

.25 

1 00  typ 

10 

C152 

2N5050 

25/100 

0.75 

3.5 

1.2 

0.75 

10 

40 

TO-66/80 

150 

2N5051 

25/100 

0.75 

3.5 

1.2 

0.75 

10 

40 

TO-66/80 

3 

40 

2N3719 
2N3867 

25/180 
40/200 

2 
2 

0.4- 
0.4' 

1 
1 

60 
60 

6 
6 

TO-5/31 
TO-5/31 

45 

BD175.6 
BD175.10 

BD176.6 
BD1 76.10 

40/100 
63/160 

.15 
.15 

3 
3 

30 
30 
30 

TO-1 26/77 
TO-1 26/77 
TO- 126/77 

BD175.16 

BD176.16 

100/250 

.15 

3 

60 

BD177.6 

BD177.10 

B0177.16 

2N3506 

BD178.6 
BD178.10 
BD178.16 
2N3720 

2N3868 

40/100 
63/160 
100/250 
25/180 
40/200 
30/150 

.15 
.15 
.15 
2 

1.5 
2 

3  i. 
3 

3  . 
60 
60 
60 

30 
30 
30 

6 

5 

6 

TO-1 26/77 

TO-1 96/77 
I  *  '  1  no/  /  / 

TO-1 26/77 
TO-5/31 

TO-39/79 
TO-5/31 

0.4" 
0.055 
0.4- 

0.035 

1.5 

1 

80 

BD179.6 
BD1 79.10 

2N6303 

BD180.6 
BD180.10 

30/150 
30/150 
40/100 
63/160 

2 

1.5 
.15 
.15 

0.4* 
0.055 

0.035 

1 

1.5 

60 
60 

3 

3 

6 

.  5 
30 
30 

TO-5/31 
TO-39/79 
TO-1 26/77 
TO-1 26/77 

BD179.16 

BD180.16 

100/250 

.15 

3 

30 

TO-1 26/77 

4 

20 

BD433 

BD434 

50  min 

2 

3 

36 

TO-1 26/77 

30 

BD185 
BD435 
D44C1 

044C2 

D44C3 

BD186 
BD436 

D45C1 

D45C2 

15  min 
50  min 
10  min 
10  min 
20  min 
20  min 
20  min 

2 
2 
2 
2 

[  it 
2 
1 

!  5 
.5 
.5 
.5 
.5 

.075 
.050 
.075 
.050 
.075 

1 

'  X 

.1 
.1 
.1 

20 
3 

50 
40 
50 
40 
50 

40 
36 
30 
30 
30 
30 
30 

TO-1 26/77 
TO-1 26/77 
TO-220/221A 
TO-220/221A 
TO-220/221A 
TO-220/221A 
TO-220/221A 

BD187 
BD437 

045C3 
BD188 
BD438 

15  min 
40  min 

.5 

.050 

.1 

40 

30 

TO-220/221 A 

2 
2 

20 
3 

40 

36 

TO-1 26/77 
TO-1 26/77 

45 

BD785 
D44C4 

D44C5 

D44C6 

BD786 
D45C4 
D45C5 
D45C6 

20  min 
10  min 
10  min 
20  min 
20  min 
20  min 
20  min 

2 
2 
2 
1 
2 
1 
1 

5 
.5 

.5 
.5 
.5 
.5 

.075 
.050 
.075 
.050 
.075 
.050 

^ 

.1 

.1 

.1 

i  - 

.1 

50 
50 
40 
50 
40 
50 
40 

15 
30 
30 
30 
30 
30 
30 

TO-1 26/77 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 

60 

2N4877 

20/100 

4 

1.5 

.5 

4 

30 

10 

TO-39/79 

BD189 
BD439 
BD787 
D44C7 

BD190 
BD440 
BD788 

D45C7 

15  min 
25  min 
20  min 
10  min 
10  min 

2 
2 
2 
2 
2 

.5 
.5 

.075 
.050 

.1 

I  J  

20 
3 
50 
50 
40 

40 
36 
15 
30 
30 

TO-1 26/77 
TO-1 26/77 
TO-1 26/77 
TO-220/221  A 
TO-220/221  A 

D44C8 
D44C9 

045C8 
D45C9 

20  min 
20  min 
20  min 
20  min 

1 
2 
1 
1 

.5 
.5 
.5 

.5 

.075 
.050 
.075 
.050 

.1 
.1 

.1 

50 
40 
50 
40 

30 
30 
30 
30 

TO-220/221  A 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 

80 

BD441 
BD789 
D44C10 

D44C11 

D44C12 

MJE240 
MJE241 

BD442 
BD790 

O45C10 

D45C11 

D45C12 
MJE250 
MJE251 

15  min 
10  min 
10  min 
10  min 

20  min 
20  min 
20  min 
40/200 
40/120 

2 
2 
2 
2 

2 

1] 
1 

.2 
.2 

.5 
.5 

'  .5 
.5 
.5 
.5 

.075 
.050 
.075 
.050 
.075 
.050 

:  ft  ' 
A. 
.1 

*!■)  , 
.1 
.1 

3 

40 
50 
40 

40 
50 
40 
40 
40 

36 
15 
30 
30 
30 
30 
30 
30 
15 
15 

TO-1 26/77 
TO-1 26/77 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 
TO-1 26/77 
TO-1 26/77 

MJE242 

IMJE252 

25  min 

.2 

40 

1 5 

100 

BD791 

MJE243 

MJE244 

BD792 

MJE253 

MJE254 

10  min 
40/120 
25  min 

2 
.2 
.2 

,7typ 

.08  typ 

.2 

40 
40 
40 

15 
15 
15 

TO-1 26/77 
TO-1 26/77 
TO-1 26/77 

5 

60 

MJ8100 

25/180 

2 

1 

0.15 

2 

30 

10 

TO-39/79 

80 

2N5337 

2N6191 

60/240 

2 

2 

0.2 

2 

30 

10 

TO-39/79 

100 

2N5339 

2N6193 

60/240 

2 

2 

0.2 

2 

30 

TO-39/79 

7 

60 

2N6315 

20/100 

2.5 

1 

0.8 

2.5 

4 

90 

TO-66/80 

'  •on  (continued) 
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TABLE  12  —  Power  Switching  Transistors  (continued) 


icCont 
Amps 
Max 

VCEO  (sus) 

Volts  Min 

Device  Type 

hFE 
Min/Max 

@ 
Am 

c 
P 

Resistive  Switching 

Case 
JEDEC/MOT 

ts 

(IS 

Max 

ti 
ps 
Max 

@  lc 
Amp 

: 

hie  I 

@ 

MHz 

Pd(C 
Wa 

ase) 

its 

>°C 

NPN 

PNP 

Min 

@  2 

7 

80 

2N5428 

60/240 

2 

2 

0.2 

2 

30 

60 

TO-66/80 

2N5347 
2N6316 

2N6187 
2N6318 

en/OAn 
DU/*:4U 

20/100 

2 

2.5 

2 
1 

0.2 
0.8 

2 

2.5 

30 
4 

60 
90 

i  u-oy/ 1  ou 
TO-66/80 

100 

2N5430 
2N5349 

60/240 
60/240 

2 
2 

2 
2 

0.2 
0.2 

2 
2 

30 
30 

60 
60 

TO-66/80 
i  u-oy/ 1  ou 

i 

N6189 

150 

BU407 

30  min 

1.5 

.75 

5 

10 

60 

TO-220/221A 

200 

BU406 

30  min 

1.5 

.75 

5 

10 

60 

TO-220/221A 

7.S 

60 

2N3447 

40/120 

5 

2 

0.35 

5 

10 

115 

TO-204/1 1 

80 

2N3448 

40/120 

5 

2 

0.35 

5 

10 

115 

TO-204/1 1 

8 

120 

MJ3247 
MJ4247 
MJE15028 

MJ3237 
MJ4237 
MJE15029 

40  min 
40  min 
20  min 

3 
3 
4 

0.4  typ 
0.4  typ 
0.4  typ 

0.18  typ 
0.18  typ 
0.18  typ 

5 
5 
5 

20 
20 
30 

75 
90 
50 

TO-66/80 
TO-204/1 1 
TO-220/221A 

150 

MJ3248 
MJ4248 
MJE15030 

MJ3238 
MJ4238 
MJE15031 

40  min 
40  min 
20  min 

3 
3 
4 

0.4  typ 
0.4  typ 
0.4  typ 

0.18  typ 
0.18  typ 
0.18  typ 

5 
5 
5 

20 
20 
30 

75 
90 

TO-66/80 
TO-204/1 1 
TO-220/221A 

10 

45 

BD206 

1 5  min 

4 

1.5 

90 

TO-1 27/90 

60 

BD207 

BD208 

15  min 

4 

1.5 

90 

TO-1 27/90 

2N5877 

MJ6700 
2N5875 

25/180 
20/100 

2 
4 

1 
1 

0.15 
0.8 

2 
4 

30 
4 

60 
150 

TO-59/160 
TO-204/1 1 

80 

2N5878 
D44H10* 

[ 

N5876 
>45H10* 

20/100 
20  min 
20  min 

4 
4 
4 

1 

.5 
.5 

0.8 
.14 
.14 

4 

5 
5 

4 

1 50 
50 
40 

TO-204/1 1 
TO-220/221 A 
TO-220/221  A 

150 

BU807 

1 00  min 

5 

.55  typ 

.2  typ 

5 

60 

1  U-^ul^l  A 

200 

BU806 

10  min 

5 

.55  typ 

.2  typ 

5 

60 

TO-220/221  A 

12 

90 

BUV26 

1 

.15 

12 

85 

TO-220/221  A 

120 

BUV27 
BUS36* 

30  min 

10 

1.2 
.5  typ 

.40 

.12  typ 

8 

12 

30 

85 
107 

TO-220/221  A 
TO-220/221  A 

150 

BUS37+ 

30  min 

10 

.5  typ 

.12  typ 

1 2 

30 

107 

I  U-^0/2^1  A 

15 

60 

2N3055H 
2N5881 

2N5879 

20/70 
20/100 

4 

6 

1 

0.8 

6 

800 
4 

115 
160 

TO-204/1 1 
TO-204/1 1 

80 

2N5882 
D44VH.10* 

2N5880 
D45VH.10* 

20/100 
20  min 

6 
4 

1 

.5 

0.8 
.09 

6 
8 

4 

50  typ 

160 
83 

TO-204/1 1 
TO-220/221  A 

20 

75 

2N5039 

20/100 

10 

1.5 

0.5 

10 

60 

140 

TO-204/1 

80 

2N5303 

2N5745 

15/60 

10 

2 

1 

10 

2 

200 

TO-204/1 1 

90 

2N5038 

20/100 

12 

1.5 

0.5 

12 

60 

140 

TO-204/1 

125 

BUX40* 

8  min 

15 

1 

.25 

15 

8 

120 

TO-204/1 1 

25 

45 

BD249 

BD250 

10  min 

15 

3 

125 

TO-218/340.01 

60 

B0249A 
2N5885 

BO250A 
2N5883 

10  min 
20/100 

15 
10 

1 

0.8 

10 

3 
4 

125 
200 

TO-218/340.01 
TO-204/1 1 

80 

2N5886 
BD249B 

2N5884 
2N6436 
BD250B 

20/100 

inn  n 

10  min 

10 
10 
15 

1 
1 

0.8 
0.25 

10 
10 

4 

40 

3 

200 
200 
125 

TO-204/1 1 
TO-204/1 
TO-218/340.01 

100 

BD249C 
2N6338 

BD250C 
2N6437 

10  min 
30/120 
30/120 

15 
10 
10 

1 
1 

0.25 
0.25 

10 

3 
40 
40 

125 
200 
200 

TO-218/340.01 
TO-204/1 
TO-204/1 

120 

2N6339 

: 

N6438 

30/120 
30/120 

10 
10 

1 
1 

0.25 
0.25 

— io — 

10 

40 
40 

200 
200 

TO-204/1 
TO-204/1 

125 

BUV10N* 

10  min 

20 

1.55 

.45 

15 

10 

175 

TO-204/1 1 

140 

2N6340 

30/120 

10 

1 

0.25 

10 

40 

200 

TO-204/1 

150 

2N6341 

30. 120 

10 

1 

0.25 

10 

40 

200 

TO-204/1 

30 

40 

2N5301 

2N4398 

15/60 

15 

2 

1 

10 

2 

200 

TO-204/1 1 

60 

2N5302 

2N4399 

15/60 

15 

2 

1 

10 

2 

200 

TO-204/1 1 

SO 

80 

2N6377 

30/120 

20 

0.8 

TO-204  Mod/197 

100 

2N6274 

2N6378 

30/120 

if 

0.8 

0.25 

20 

30 

25 

0 

TO-204  Mod/197 

120 

2N6275 

2N6379 

30/120 

C 

.8 

0.25 

20 

30 

25 

0 

TO-204  Mod/197 

*  Designers  Data  Sheet  characterization  (continued) 
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TABLE  12  —  Power  Switching  Transistors  (continued) 


Resistive  Switching 

icCont 

ts 

tf 

I  h,e  I 

@ 

PD  (Case) 

Amps 

VCEO  MM 

Device  Type 

tlFE 

@  lc 

MS 

MS 

@  lc 

1  MHz 

Watts 

Case 

Max 

Volts  Min 

NPN 

PNP 

Mm/Max 

Amp 

Max 

Max 

Amp 

Min 

@  25°C 

JEDEC/MOT 

50 

125 

BUV20+ 

10  min 

50 

1.2 

.25 

50 

8 

250 

TO-204/1 97 

140 

2N6276 

30/120 

20 

08 

0.25 

20 

30 

250 

TO-204  Mod/197 

150 

2N6277 

30/120 

20 

0.8 

0.25 

20 

30 

250 

TO-204  Mod/197 

70 

125 

BUS50* 

15  min 

40 

2 

.3 

40 

TO-204/1 97 

*  Designers  Data  Sheet  characterization 
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TABLE  13  —  Switchmode  Power  Transistors 

Vceo  *  200  V 

Devices  are  listed  in  descending  order  of  VCEO(sus).  and  lcCont 


Resistive  Switching 

VcEDfsus) 

lc  Cont 

VcEV 

Device  Type 

ts 

tf 

It 

Volts 

Amps 

Volts 

NPN  unless 

hpE 

@  lc 

ps 

ps 

@  lc 

MHz 

Case 

Min 

Max 

Min 

otherwise  noted 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

JEDEC/MOT 

1000 

24 

1400 

BUT36##* 

5  min 

16 

4.5  typ 

17  typ 

16 

TO-197/1 

12 

1400 

BUT16##* 

5  min 

8 

^  typ 

.8  typ 

g 

TO- 197/1 

850 

50 

900 
900 

MJ10050#+ 
MJ10051##* 

40  min 
40  min 

50 
50 

100 

10 

35 
5 

50 
50 

MO-040/346 
MO-040/346 

25 

900 
900 

MJ10041##* 
MJ10042#* 

25  min 
35  min 

25 
25 

10 
100 

5 

35 

25 
25 

— /353 
— /353 

20 

1200 

MJ10025##* 

50/600 

20 

5 

1.8 

10 

TO-204/1 

800 

10 

1400 
1500 
1500 

MJ8505* 
MJH16018* 

7.5  min 
7.0  min 

1.5 
5  0 
5.0 

4 

2.0  typ 
2.0  typ 

2 

0.9  typ 
0.9  typ 

5 

5.0 
5.0 

TO-204/1 
TO-2 18/340 

1700 

BU209 

0  OK  min 
ii.ilD  1 1 1111 

3 

8  typ 

•4  typ 

4.5 

4  typ 

TO  1 

5 

1400 
1400 

MJ8503+ 
MJE8503* 

7.5  min 
7.5  min 

1 

1.0 

4 
4 

2 
2 

2.5 
2.5 

TO-204/1 
TO-220/221A 

2.5 

1400 
1400 

MJ8501 * 
MJE8501* 

7.5  min 
7.5  min 

0.5 
0.5 

4 
4 

2 
2 

1 
1 

TO-204/1 
TO-220/221A 

750 

50 

900 

MJ10052##* 

40  min 

50 

10 

5 

50 

MO-040/346 

20 

1000 

MJ10024##* 

50/600 

20 

5 

1.8 

10 

TO-204/1 

8 

1500 

MJ 12005 

5  min 

5 

1 

5 

4  typ 

TO-204/1 

5 

1500 

MJ12004* 

2.5  min 

4.5 

1 

4.5 

4  typ 

TO-204/1 

4 

1500 

MJ12003 

2.5  min 

3 

1 

3 

4  typ 

TO-204/1 

2.5 

1500 
1500 

MJ12002* 
MJE12007* 

1.11  min 
1.1  min 

2 
2 

1 
1 

2 
2 

4  typ 
4  typ 

TO-204/1 
TO-220/221A 

700 

40 

1000 

BUT35*** 

15  min 

24 

2.8  typ 

.65  typ 

24 

TO-204/1 97 

20 

1000 

BUT15##* 

15  min 

12 

1.2  typ 

.30  typ 

12 

TO-204/1 1 

10 

1200 

MJ8504* 

7.5  min 

1.5 

4 

2 

5 

TO-204/1 

8 

1400 

MJ10011# 

20  min 

4 

4 

TO-204/1 

7 

1500 

BU208A 

2.25  min 

4.5 

8  typ 

•4  typ 

4.5 

4  typ 

TO-204/1 1 

6 

1500 

BU500 

3  min 

4.5 

1.2 

1 

4.5 

TO-204/1 1 

5 

1200 
1200 
1500 
1500 

MJodU*;* 
MJE8502* 
BU2080 
BU800 

7.5  min 
7.5  min 
2.25  min 

1 
1 

4.5 

4 
4 

2 
2 

0.6  typ 
6  typ 

2.5 
2.5 
4.5 
4.5 

TO-204/1 
TO-220/221A 
TO-204/1 
TO-204/1 1 

2.5 

1200 
1200 

MJ8500* 
MJE8500* 

7.5  min 
7.5  mm 

0.5 
0.5 

4 
4 

2 
2 

1 

1 

TO-204/1 
TO-220/221A 

600 

700 

M  11  fini  A^z  —  * 

2.5 

0.8 

10 

I  U-*:U4n 

550 

650 

MJ10013##* 

10'250 

10 

2.5 

0.8 

10 

TO-204  1 

500 

50 

750 
1000 

MjlUUlD##* 

BUT34##* 

10  min 
15  min 

40 

32 

2.5 
1.8  typ 

1 

.7  typ 

20 
32 

TO-204  Mod/197 
TO-204/1 97 

25 

850 

BUT14##* 

15  min 

16 

1.3  typ 

.3  typ 

16 

TO204/1 1 

20 

600 
800 

MJ10009##* 
MJ13335* 

30/300 
10/60 

10 
5 

2 
4 

0.6 
0.7 

10 
10 

8" 

TO-204/1 
TO-204/1 

15 

1000 
1000 
850 

MJ16010A* 

MJH16010A* 

BUT51r#* 

5.0  min 
5.0  min 
40 

15.0 
15.0 
5 

3.0 
3.0 
1.1  typ 

0.4 

0.4 
.16  typ 

10.0 
10.0 
10 

TO-204/1 
TO-21 8/340 
TO-21 8/340 

8 

850 
1000 
1000 

BUT50P#* 
MJ16006A* 
MJH16006A* 

30 
5.0  min 
5.0  min 

2 
15.0 
15.0 

.75  typ 

3.0 
3.0 

.1  typ 
0.4 
0.4 

5 
10.0 
10.0 

TO-21 8/340 

TO-204/1 
TO-21 8/340 

5 

1000 
1000 

MJ16002A* 
MJH16002A* 

5.0  min 
5.0  min 

15.0 
15.0 

3.0 
3.0 

0.3 
0.3 

3.0 
3.0 

TO-204/1 
TO-21 8/340 

450 

100 

500 
500 

MJ10100#* 
MJ10101##* 

60  min 
60  min 

100 
100 

25 
3.75 

10 

1.25 

100 
100 

MO-040/346 
MO-040/346 

50 

500 
500 

MJ10044##* 
MJ10045#* 

50  min 
50  min 

50.0 
50.0 

3.8 
25 

1.3 
10 

50.0 
50.0 

— /353 
— /353 

30 

1000 
850 
850 

BUS98A 
MJ16020 
MJ16022 

8  min 
5  min 
7  min 

20 
30 
30 

1 .55  typ 
1.8 

1.5 

.2  typ 
,25 

20 
20 
20 

TO-204/1 97 
TO-204/1 97 
TO204/197 
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TABLE  13  —  Switchmode  Power  Transistors  (continued) 


VCE0  3=  200  V 


Resistive  Switching 

VcED(sus) 

lc  Cont 

VcEV 

Device  Type 

t. 

•  ti- 

h 

Volts 

Amps 

Volts 

NPN  unless 

hFE 

@  lc 

ps 

ps 

(s  lc 

MHz 

Case 
JEDEC/MOT 

Min 

Max 

Min 

otherwise  noted 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

450 

20 

650 

MJ10008##* 

30/300 

10 

2 

0.6 

10 

8* 

TO-204/1 

750 

MJ13101* 

8  min 

15 

3.5 

0.5 

15 

TO-204/1 

MJ13334* 

10/60 

5 

4 

0.7 

10 

TO-204/1 

850 

2N6837* 

10/30 

15 

2.5 

.25 

15 

15 

TO-204/1 

850 

MJ16014* 

5  min 

20 

2.7 

0.35 

20 

TO-204/1 97 

850 

MJ16016* 

20 

2.2 

0.25 

20 

TO-204/1 97 

18 

1000 

BUS97A 

7  min 

10 

2 

.4 

10 

TO-204/1 97 

15 

750 

MJ13091* 

8  min 

10 

2.5 

0.5 

10 

TO-204/1 

850 

2N6836* 

10/30 

10.0 

3.0 

0.35 

10  0 

1( 

) 

TO-204/1 

850 

MJ  1  d\JdZ  >r 

5.0  min 

1 5.0 

0.1  typ 

10  0 

850 

MJ16010* 

5  min 

15 

1.2  typ 

0.2  typ 

10 

TO-204/1 

850 

MJ16012* 

7  min 

15 

0.9  typ 

0.15  typ 

10 

TO-204/1 

850 

MJH16010* 

5.0  min 

15.0 

1.2 

0.2 

10.0 

TO-21 8/340 

850 

MJH16012* 

7.0  min 

15.0 

0.9 

0.15 

10.0 

TO-21 8/340 

1000 

BUS48A* 

Q 

1.3  typ 

.2  typ 

10 

TO-204/1 9 

BUS48AP* 

8  min 

8 

1.3  typ 

.2  typ 

10 

TO-21 8/340 

g 

1000 

BUS47A* 

7  min 

5* 

1  typ 

.2  typ 

5 

TD-pnd/i  1 

i  vj  i-U4/  i  i 

BUS47AP* 

7  min 

£ 

1  typ 

2  typ 

6 

1  \JC-  1  O/  OHU 



8 

750 

MJ13081* 



8  min 

5 

1.5 

0.5 

E 

TO-204/1 

850 

2N6835* 

7.5/3.0 

5.0 

2.5 

0  25 

5  0 

10 

TO-204/1 

850 

MJ12021* 

5.0  min 

8.0 

2.5 

^0  25^ 

8  0 

TO-204/1 

850 

MJ16006* 

5  min 

-      K  -  • 

TO-204/1 

850 

MJ16008* 

7  min 

2.2 

0  25 

e 

TO-204/1 

850 

MJH16006* 

5.0  min 

8.0 

2.5 

0^25 

5.0 

TO-21 8/340 

850 

MJH16008* 

7.0  min 

8.0 

2.2 

0.25 

5.0 

TO-21 8/340 

7 

BU522B# 

250  min 

2.5 

7.5 

TO-2?n/991  A 

5 

750 

MJ13071* 

8  min 

3 

1.5 

0.5 

3 

TO-204/1 

750 

MJE13071* 

8  min 

3' 

1.5 

0.5 

3 

TO-220/221A 

850 

2N6834* 

10/30 

3.0 

2.7 

0.35 

3.0 

15 

TO-204/1 

850 

MJ12020* 

5.0  min 

5.0 

0.13  typ 

3.0 

TO-204/1 

850 

MJ16002* 

5  min 

.  5' 

3 

0.3 

3 

TO-204/1 

850 

2.7 

0.35 

.,i  3 

I  U-*iU4/ 1 

850 

MJE16002* 

5  min 

5 

3 

0.3 

^  6  | 

TO-220/221A 

850 

MJE16004* 

7  min 

5 

2.7 

0.35 

3 

TO-220/221A 

850 

ft!  1  l_J  -\  Cf\t\r\-k- 

MJH1600-;* 

5.0  min 

5.0 

3.0 

0.30 

3.0 

TO-21 8/340 

850 

MJH 16004* 

7.0  min 

5.0 

2.7 

0.35 

3.0 

TO-21 8/340 

2 

1000 

BUX85 

3.5 

1 .4 

1  1 

TO-220/221A 

425 

7 

BU522A# 

250  min 

2.5 

7.5 

TO-220/221A 

400 

56 

600 

BUT33##* 

20  min 

36 

2  typ 

8  tvn 

36 

TO-204/1 97 

50 

650 

MJ10015##* 

10  min 

40 

2.5 

1 

20 

TO-204  Mod/197 

40 

600 

MJ1  UU^JT*  w  * 

OU/DUU 

1 0 

2.5 

0.9 

20 

TO-204  Mod/197 

30 

850 

BUS98* 

8  min 

20 

1.55  typ 

.2  typ 

20 

TO-204/1 97 

28 

600 

BUT13##* 

20  min 

18 

1.1  typ 

.3  typ 

18 

20 

450 

BUV24* 

12 

3 

.9 

12 

8 

TD-'?^\d./^  Q7 

500 

MJ10001#* 

40/400 

10 

3 

1.8 

10 

10" 

TO-204/1 

500 
500 

MJ10005#* 

40/400 

10 

1.5 

0.5 

10 

10" 

TO-204/1 

MJ13333* 

10/60 

5 

4 

0.7 

10 

TO-204/1 

650 

MJ13100* 

8  min 

15 

3.5 

0.35 

15 

TO-204/1 

18 

850 

BUS97 

7  min 

12 

2 

.4 

12 

T|— 1  OH/1  /1  dl"7 

15 

850 

BUS48* 

8  min 

10 

1.3  typ 

.2  typ 

10 

TO-204/1 1 

850 

BUS48P* 

8  min 

10 

1.3  typ 

.2  typ 

10 

TO-21 8/340 

850 

2N6547 

6/30 

10 

4 

.7 

10 

6  to  24 

TO-204/1 

650 

MJ13090* 

8  min 

10 

2.5 

0.5 

10 

TO-204/1 

650 

2N6678 

8  min 

15 

2.5 

0.5 

15 

3 

TO-204/1 

12 

700 

MJE13009* 

6/30 

8 

3 

0.7 

8 

4" 

TO-220/221A 

10 

950 

MJ12010 

4.2  min 

5 

1 

5 

6  typ 

TO-204/1 

550 

MJ10012# 

100/2k 

6 

6 

15 

15 

6 

TO-204/1 

500 

MJ10003#* 

30/300 

5 

2.5 

1 

./  5 

10" 

TO-204/1 

500 

MJ10007##* 

30/300 

5 

1.1 

0.25 

5 

10" 

TO-204/1 

450 

MJ13015* 

8/20 

5 

2 

0.5 

>M  5 

TO-204/1 

BU323AP 



150  min 

6 

'  

15 

— 

15 

6 

TO-21 8/340 

*  Designers  Data  Sheet  characterization  (continued) 
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TABLE  13  —  Switchmode  Power  Transistors  (continued) 

VCE0  5=  200  V 


Resistive  Switching 

VcED(sus) 

lc  Cont 

VcEV 

Device  Type 

t. 

tl 

fT 

Volts 

Amps 

Volts 

NPN  unless 

@  lc 

ps 

MS 

@  lc 

MHz 

Case 

Mm 

Max 

Min 

otherwise  noted 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

JEDEC/MOT 

400 

9 

850 
850 

BUS47* 
BUS47P* 

7  min 
7  min 

6 
5 

1  typ 
1  typ 

.2  typ 
.2  typ 

6 
6 

TO-204/1 1 

8 

850 
800 
700 
650 
450 
450 

2N6545* 

MJE5742* 

MJE13007* 

MJ13080* 

MJ6503-PNP* 

MJE5852-PNP* 

7/35 
200/400 

6/30 
8  min 
15  min 
15  min 

5 
4 

5 
5 
2 
2 

4 
8  typ 

3 

2 
2 

1 

2  typ 

0.7 
0  5 
0.5 
0.5 

5 
6 
5 

4 
4 

6 
4 

Tn.9nA/i 
TO-220/221A 
TO-220/221A 
TO-204/1 
TO-204/1 
TO-220/221 A 

6 

900 

BU326A 

30typ 

.6 

3.5 

.3  typ 

2.5 

6 

1  U-£U4/1  1 

5 

850 
850 
850 
650 
650 

BUS46P* 
2N6543* 
MJ4401 * 
MJ 13070* 
MJE13070* 

7  min 
7/35 
7/35 

8  min 

3 
3 
3 
3 

3 

.4  typ 
4 
4 

1.5 
1.5 

175  typ 
0.8 
0.8 
0.5 
0.5 

3 
3 
3 
3 

6 
6 

TO-220/221  A 
TO-204/1 
TO-66/80 
TO-204/1 

4 

700 

MJE13005* 

6/30 

3 

3 

0.7 

3 

4 

TO-220/221  A 

700 



MJ4381* 

8/40 

2 

4 

0.9 

2 

4 

TO-66/80 

3 

850 

BUS45P 

6  min 

2 

.4  typ 

.175  typ 

2 

TO-220/221  A 

2 

800 

BUX84 

3.5 

1.4 

1 

TO-220/221  A 

1.S 

700 
700 

MJE13003+ 
MJ4361* 

5/25 
5/25 

1 
1 

4 
4 

0.7 
0.7 

1 
1 

5 
4 

TO-126/77R 
TO-66/80 

1 

500 

TIP50* 
MJE5732-PNP 

30/150 
30/150 

0.3 
0.3 

2  typ 

.  1 8  typ 

.3 

10 
10 

TO-220/221  A 

0.5 

400 

MJ4647-PNP 

20  min 

0.5 

0.72- 

0.05 

40 

i  u-oy//9 

375 

7 

BU522# 

250  min 

2.5 

7.5 

TO-220/221  A 

6 

800 

BU326 

30  typ 

.6 

3.5 

T  tvn 

2.5 

6 

TO-204/1 1 

350 

100 

500 

MJ10102##* 

60  min 

100 

3.75 

1.25 

100 

MO-040/346 

40 

450 

MJ10022##* 

50/600 

10 

2.5 

0.9 

20 

TO-204  Mod/197 

20 

450 
450 
450 

MJ10000#* 

MJ10004##* 

MJ13332* 

40/400 
40/400 
10/60 

10 
10 

5 

3 

1 .5 
4 

1.8 
0.5 
0.7 

10 
10 
10 

10" 
10*' 

TO-204/1 
TO-204/1 
TO-204/1 

15 

550 
375 

2N6677 
2N6251 

8  min 
6/50 

15 
10 

2.5 
3.5 

0.5 
1 

15 
10 

3 

2.5 

TO-204/1 
TO-204/1 

10 

450 
450 
400 

BU323P 
MJ10002#* 
MJ10006##* 
MJ13014* 

1 50  min 
30/300 
ou/JUU 
8/20 

6 
5 
5 
5 

15 
2.5 
1.5 

2 

15 

1 

6 
5 
5 
5 

10" 
10*" 

TO-2 18/340 
TO-204/1 
TO-204/1 
TO-204/1 

0.5 

0.5 

8 

700 

2N6308 

12/60 

3 

1.6 

0.4 

5 

5 

TO-204/1 

700 
400 

MJE5741* 
MJE5851-PNP 

200/400 
15  min 

4 

2 

8  typ 

2 

2  typ 
0.5 

6 
4 

TO-220/221  A 
TO-220/221  A 

5 

450 

2N6499 

10/75 

2.5 

1.8 

0.8 

2.5 

5 

TO-220/221  A 

3 

375 

2N5840 

10/50 

2 

3 

1.5 

2 

5 

TO-204/1 

2 

400 

2N6213-PNP 

10/100 

1 

2.5 

0.6 

1 

4 

TO-66/80 

1 

450 

TIP49* 
MJE5731-PNP 

30/150 
30/150 

.3 
.3 

2  typ 

.18  typ 

.3 

10 
10 

TO-220/221  A 
TO-220/221  A 

325 

30 

400 

BUV23* 

8  min 

16 

1.8 

.4 

16 

8 

TO-204/1 97 

15 

400 

BUX13* 

8  min 

8 

2.5 

.8 

8 

8 

TO-204/1 1 

10 

BUX43 

8  min 

5 

2.2 

.9 

400 

1 

8 

5 

700 
350 

MJ3030 
2N6235 

3.75  min 
25/125 

3 
1 

3.5 

I  :• 
0.5 

3 
1 

20 

TO-204/1 
TO-66/80 

300 

15 

650 
450 

2N6546* 
2N6676 

6/30 
8  min 

10 
15 

4 

2.5 

0.7 
0.5 

10 
15 

6  to  24 
3 

TO-204/1 
TO-204/1 

12 

600 

MJE13008* 

6/30 

8 

3 

0.7 

8 

4" 

TO-220/221  A 

8 

650 
600 
600 

2N6544* 

2N6307 

MJE13006* 

7/35 
15/75 
6/30 
200/400 

5 
3 
5 
4 

4 

1.6 
3 
8  typ 
2 

qfi- 

0.4 
0.7 
2  typ 
0.5 

5 
3 
5 
6 
4 

6 
5 
4 

TO-204/1 
TO-204/1 
TO-220/221  A 
TO-220/221  A 
TO-220/221  A 

35? 

MJE5850-PN 

15  min 

2 

300 

7 

275 

_NRn77 

12/70 

1.2 

2.8 

0.3 

1.2 

7 

TO-66/80 

*  Designers  Data  Sheet  characterization  (continued) 
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TABLE  13  —  Switchmode  Power  Transistors  (continued) 


VCE0  3*  200  V 


Resistive  Switching 

VcED(sus) 

lc  Cont 

VCEV 

1-1  — 

Device  Type 

ts 

't 

'T 

Volts 

Amps 

Volts 

NPN  unless 

"FE 

@  lc 

MS 

Ms 

@  lc 

MHz 

Min 

Max 

Min 

otherwise  noted 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

JEDEC/MOT 

300 

5 

650 

2N6542* 

7/35 

3 

4 

0.8 

3 

6 

TO-204/1 

650 

MJ4400* 

7/35 

3 

4 

0.8 

3 

6 

TO-66/80 

400 

2N6498 

10/75 

2.5 

1.8 

0.8 

2.5 

5 

TO-220/221A 

4 

600 

MJE13004* 

6/30 

3 

3 

0.7 

3 

4 

TO-220/221 A 

600 

MJ4O0U  « 

 8/40  

2 

4 

0.9 

2 

4 

2 

500 

25/100 

4 

3 

1 

10 

500 

2N6422-PNP 

25/100 

1 

4 

3 

1 

10 

TO-66/80 

350 

2N6212-PNP 

10/100 

1 

2.5 

0.6 

1 

4 

TO-66/80 

1.5 

600 

MJE13002* 

5/25 

1 

4 

0  7 

■j 

5 

TI-126/77R 

600 

MJ4360* 

5/25 

1 

4 

0.7 

1 

4 

TO-66/80 

1 

300 

2N5345-PNP 

25/100 

0.5 

0  6 

0  1 

0  5 

60 

TO-66/80 

400 

TIP48* 

30/150 

.3 

2typ 

.18  typ 

.3 

10 

TO-220/221  A 

MJE5730-PNP 

30/150 

.3 

10 

TO-220/221  A 

0.5 

300 

MJ4646-PNP 

20  min 

0.5 

0.72* 

0.05 

40 

TO-39/79 

275 

15 

300 

2N6250 

8/50 

10 

3.5 

1 

10 

2.5 

TO-204/1 

7 

275 

2N607S 

12/70 

1.2 

2.8 

0.3 

1  2 

7 

TO-66/80 

5 

275 

2N6234 

25/125 

1 

3  5 

0  5 

 -  

20 

TO-66/80 

3 

300 

2N5839 

10/50 

2 

3.75 

1.5 

2 

5 

TO-204/1 

200 

MJ  1  U^UU?  " 

JU  Mill  I 

200 

20 

8 

20 

300 

MJ10201##* 

90  min 

200 

4 

1 

200 

MO-040/346 

100 

300 

MJ10047##* 

75  min 

100.0 

4.0 

1.0 

100 

— /353 

300 

MJ10048#* 

75  min 

100.0 

2.0 

Q 

100 

— /353 

60 

350 

MJ10021##* 

25  min 

30 

3.5 

0.5 

30 

TO-204  Mod/197 

40 

350 

Dl  ICC1X 

cubu* 

15  min 

40 

2 

.3 

40 

T/"!  1(1/1  /■i  Q7 

300 

BUV22 

10  min 

20 

1.1 

.35 

20 

8 

TO-204/1 97 

20 

450 

MJ13331* 

8/40 

10 

3.5 

0.7 

10 

5/40 

TO-204/1 

300 

BUV12* 

10  min 

10 

1.5 

,5 

10 

8 

TO204/1 1 

15 

250 

MJ11021#PNP 

100  min 

15 

3# 

TO-204/1 

250 

MJ11022# 

100  min 

15 

3# 

TO-204/1 

12 

300 

BUX42* 

8  min 

6 

2 

.4 

6 

8 

TO-204/1 1 

a 

500 

1 5/75 

3 

1 .6 

0.4 

3 

5 

TO- 9f)d/ 1 

400 

MJ6502-PNP* 

15  min 

2 

2 

0.5 

4 

TO-204/1 

5 

500 

MJ3029 

30  min 

0.4 

1 

3 

TO-204/1 1 

350 

2N6497 

10/75 

2.5 

1.8 

0.8 

2.5 

5 

TO-220/221  A 

3 

275 

2N5838 

10/50 

2 

3 

1.5 

3 

5 

TO-204/1 1 

2 

375 

2N3584 

25/100 

1 

4 

3 

1 

10 

TO-66/80 

375 

2N6421-PNP 

25/100 

1 

4 

3 

1 

10 

TO-66/80 

1 

250 

2N5344-PNP 

25/100 

0.5 

0.6 

0.1 

0.5 

60 

TO-66/80 

350 

TIP47* 

30/150 

.3 

2  typ 

.18  typ 

.3 

10 

TO-220/221  A 

225 

2 

275 

2N6211 

10/100 

1 

2  5 

0  6 

i 

20 

TO-66/80 

200 

200 

300 

MJ10202##* 

90  min 

200 

4 

1 

200 

MO-040/346 

60 

300 

MJ10020*  ** 

25  min 

30 

3.5 

0.5 

30 

TO-204  Mod/197 

50 

300 

BUS51* 

15  min 

50 

2 

.3 

5 

TO-204/1 97 

40 

250 

BUV21  * 

10  min 

25 

1.8 

.4 

25 

8 

TO-204/1 97 

20 

250 

BUV11* 

10  min 

12 

1.8 

.4 

12 

8 

TO-204/1 1 

400 

MJ13330* 

8/40 

10 

3.5 

0.7 

10 

5/40 

TO-204/1 1 

15 

250 

BUX41  * 

8  min 

8 

1.5 

.4 

8 

8 

TO-204/1 1 

225 

2N6249 

10/50 

10 

3.5 

1 

10 

2.5 

TO-204/1 1 

200 

MJ11019#PNP 

100  min 

15 

3# 

TO-204/1 

200 

MJ11020# 

100  min 

15 

3# 

TO-204/1 

3 

250 

BUY49P 

30  min 

0.5 

25 

TO- 126/77 

2 

200 

2N5052 

25/100 

0.75 

3.5 

1.2 

0.75 

10 

TO-66/80 

0.5 

200 

MJ4645-PNP 

20  min 

0.5 

0.72- 

0.05 

40 

TO-39/79 

*  Designers  Data  Sheet  characterization 

#  Darlington      ##  Darlington  with  speed-up  diode      *  ton 
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The  following  power  transistor  data  sheets  are 
arranged  in  alphanumeric  sequence  except  in  such 
instances  where  a  particular  datasheet  may  contain 
information  applying  to  more  than  one  transistor  — 
e.g.  2N4398,  2N4399,  2N5745.  To  determine  if  a  par- 
ticular device  type  is  covered  by  a  data  sheet  in  this 
section,  please  refer  to  the  alphanumeric  listing  of 
the  Index  and  Cross  Reference  on  page1-2. 


Data  Sheets 
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2N3054 
2N3054A 


® 


MOTOROLA 


MEDIUM-POWER  NPN  SILICON  TRANSISTORS 


.  .  designed  for  general  purpose  switching  and  amplifier  applications. 


Excellent  Safe  Operating  Area 
DC  Current  Gain  Specified  to  3.0  Amperes 
Complement  to  PNP  Type  2N6049  or  2N4912 


4  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 

55  VOLTS 
25  WATTS  -  2N3054 
75  WATTS  -  2N  3054A 


•MAXIMUM  RATINGS 


Rating 

Symbol 

2N3054A  |  2N  3054 

Unit 

Collector-Emitter  Voltage 

vCEO 

55 

Vdc 

Collector-Emitter  Voltage 
(RBE  =  100H) 

VCER 

BO 

Vdc 

Collector-Base  Voltage 

VCB 

90 

Vdc 

Emitter-Base  Voltage 

VEB 

7.0 

Vdc 

Collector  Current  —  Continuous 
Peak 

ic 

4.0 
10" 

Adc 

Base  Current 

2.0 

Adc 

Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

PD 

75 
0.43 

25 
0.143 

Watts 
W/°C 

Operating  and  Storage  Junction, 
Temperature  Range 

TJ.  Tstg 

-65  to +200 

°C 

•Indicates  JEDEC  Registered  Data 
••Addition  to  JEDEC  Registered  Data 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

2N3054A 

2N3054 

Unit 

Thermal  Resistance,  Junction  to  Case 

R8JC 

2.33 

7.0 

°cw 

FIGURE  1  -  POWER-TEMPERATURE  DERATING 


40        60       80      100      120      140      160      180  200 
Tc,  CASE  TEMPERATURE  (°C) 


STYLE  1 : 
PIN  I.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


SEATING  PLANE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0  034 

E 

1.27 

1.91 

0.050 

00'5 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

0.360 

P 

1.27 

0.050 

a 

3.61 

3.86 

0.142 

0.152 

s 

8.89 

0.350 

T 

0.145 

u 

,5.75 

10.620 

All  JEDEC  Dimensions  and  and  Notes  Apply. 

CASE  8TM>2 
TO-66 
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2N3054,A 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°  unless  otherwise  noted) 


Characteristic 

Symbol 

Mm 

Max 

Uni 

t 

*OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 
( I  c  =  1 00  mAdc,  lB  =  0) 

vCEO(sus) 

55 

Vdc 

Collector-E  mitter  Sustaining  Voltage  ( 1 ) 
dc  -  100  mAdc,  RgE  =  100  n  ) 

vCER(sus) 

60 

Vdc 

Collector  Cutoff  Current 
(Vce  =  30  Vdc.  IB  -  0) 

'CEO 

500 

^Adc 

Collector  Cutoff  Current 

'CEX 

mAdc 

(VCE  =  90  Vdc,  VBE  (off)  =  1 .5  Vdcl 

(VCE  =  90  Vdc,  VBE(off)  -  1.5  Vdc.  Tc  =  150°C) 

- 

1.0 
6.0 

Emitter  Cutoff  Current 
(VBE  -  7.0  Vdc,  lc  =  01 

!eBO 

1.0 

mAdc 

*ON  CHARACTERISTICS  (11 

DC  Current  Gain 

(IC  =  0.5  Adc,  Vce  =  4.0  Vdcl 
He  =  3.0  Adc,  VCE  "  4  0  Vdc) 

nFE 

25 
5.0 

150 

Collector-Emitter  Saturation  Voltage 
dc  =  500  mAdc,  lB  =  50  mAdc) 
(IC  =3  0  Adc,  lB  a  1.0  Adc) 

vCE(sat) 

1.0 

6.0 

Vdc 

Base-Emitter  On  Voltage 

dc  =  500  mAdc,  VC£  =  4.0  Vdc) 

vBE(onl 

1.7 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain— Bandwidth  Product 
(IC  =  200  mAdc,  Vce  =  10  Vdc) 

*T 

3.0 

MHz 

"Small-Signal  Current  Gain 

dC  »  100  mAdc,  VCE  =  4.0  Vdc,  f  =  1.0  kHz) 

hfe 

25 

180 

"Common-Emitter  Cutoff  Frequency 
(IC  =  100  mAdc,  VCE  =  4.0  Vdc) 

fhfe 

30 

kHz 

•Indicates  JEDEC  Registered  Data 
(1)  Pulse  test:  Pulse  Width  <300  Ms,  Duty  Cycle  <2.0% 


FIGURE  2  -  SWITCHING  TIME  EQUIVALENT  TEST  CIRCUIT 


APPR0X     TURN-ON  PULSE 
+  11  V 


VBE(off) 


SCOPE 


-4.U  V 

•"13  t1  <  15  ns 

iorj<t2<600« 

t3<  15  ns 

I 

DUTY  CYCLE  »  2.0% 

APPROX  9.0  V 

 M  


TURN-OFF  PULSE 


FIGURE  3  -  TURN  ON  TIME 


0.04  0.06      0.1  0.2  0.4     0.6        1.0  2.0 

IC.  COLLECTOR  CURRENT  (AMP) 
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2N3054,A 


- 


FIGURE  4  -  THERMAL  RESPONSE 


VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  oower  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  -  VCE  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e..  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  200°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj/pkj  <200°C.  Tj(pkj  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


3.0  " 
2  0 


FIGURE  6  -  TURN-OFF  TIME 


0.04  0.0 


tf  e>  vcc  -  lovdc 


2  ioo 


FIGURE  7  -  CAPACITANCE 


1     1  1 

c 

- 

^  T 

r.  1 

t  ; 

- 

Vr,  REVERSE  VOLTAGE  (VOLTS) 
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,A 


FIGURE  8  —  DC  CURRENT  GAIN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 


0.004       0.01     0.02    0.04        0.1      0.2      0.4         1.0      2.0  4.0 
IC,  COLLECTOR  CURRENT  (AMP) 


FIGURE  12  -  COLLECTOR  CUT-OFF  REGION 


103 

_  102 
< 

£  io' 

1  100 

O 

3  10-1 

O 

^,0-2 
10-3 


— 1 — 

 VCE  =  30 

V  

1  

 1  1 — — 

T 

- 150°C 

—100" 

n  

—  REV 

ERSE  — 

-FORW 

ARO^ 

=25 

>C  ' 

-ICES- 

100 

m 

500  mA 

1, 

J  A 

3 

0  A 

\ 

Tj 

E 

1.0      2.0        5.0       10       20         50      100     200        600  1000 
lB.  BASE  CURRENT  (mA) 


FIGURE  1 1  -  "ON"  VOLTAGES 


0.004      0.01     0.02     0.04        0.1      0.2      0.4         1.0      2.0  4.0 


IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  13  -  EFFECTS  OF  BASE-EMITTER  RESISTANCE 


-0.4     -0.3     -0.2  -0.1 


+0.1     +0.2     +0.3    +0.4     +0.5  +0.6 


VflE,  BASE-EMITTER  VOLTAGE  (VOLTS) 


Tj,  JUNCTION  TEMPERATURE  (°C) 


3-5 


NPN  PNP 

2N3055  MJ2955 


® 


•  DC  Current  Gain  —  hpE  = 


COMPLEMENTARY  SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  general  pur| 


•  Collector-Emitter  Saturation  Voltage  — 

VcE(sat)  "  W  Vdc  (Max)  @  lc  =  4  Adc 

•  Excellent  Safe  Operating  Area 


15  AMPERE 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 


60  VOLTS 
115  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

Vdc 

Collector-Emitter  Voltage 

VCER 

70 

Vdc 

Collector-Base  Voltage 

VCB 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

7 

Vdc 

Collector  Current  -  Continuous 

ic 

15 

Adc 

Base  Current 

IB 

7 

Adc 

Total  Power  Dissipation  <9>  Tc  =  25°C 
Derate  above  25°C 

PD 

115 

0.657 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

tj.  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«JC 

1.52 

°C/W 

FIGURE  1  —  POWER  DERATING 


50         lb         100        125  150 
tC,  CASE  TEMPERATURE  (°C) 


c 

1 

!  /- 

SEATING 

NOTE" 

I.  DIM  "Q"  ISDIA 


STpiif  I.  BASI 


BASE 
2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0  220 

J 

16.64 

17.15 

0.655 

0  675 

« 

1 1.18 

12.19 

0.440 

0.480 

3.84 

4.09 

0.151 

0.161 

-*- 

26.67 

1.050 

CASE  11-01 
(TO-3) 
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2N3055  NPN/MJ2955  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherw.s.  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

•OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1 ) 
<lc  -  200  mAdc,  lB  -  01 

vCEO(susl 

60 

Vdc 

Collector-Emitter  Sustaining  Voltage  111 
lie  -  200  mAdc,  RBE  -  100  Ohms) 

VcER(sus) 

70 

Vdc 

Collector  Cutoff  Current 
(VCE-30  Vdc.  lB-0) 

'CEO 

0.7 

mAdc 

Collector  Cutoff  Current 

IVCE  =  100  Vdc,  VBE(off|  =  1 .5  Vdc) 

(VCE  -  1 00  Vdc,  VBE|0ff)  -  1 .5  Vdc,  Tc  -  1 50°C) 

'CEX 

1.0 
5.0 

mAd( 

Emitter  Cutoff  Current 
(VBE  =  7.0  Vdc,  lc=0) 

'EB0 

5.0 

mAdc 

•ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

llc  -  4.0  Adc,  VCE  -  4.0  Vdc) 
HC  "10  A*.  VCE=4.0  Vdcl 

hFE 

20 
5.0 

70 

Collector-Emitter  Saturation  Voltage 
llc  -4.0  Adc,  lB  -400  mAdc) 
dc  "  10  Adc,  lB  •  3.3  Add 

vCE(sat) 

1.1 
3.0 

Vdc 

Base-Emitter  On  Voltage 

(lc  =  4.0  Adc,VCE-4.0  Vdc] 

vBEIon) 

1.5 

Vdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  wtth  Base  Forward  Biased 
1  Vqe  =  40  Vdc,  t  -  1 .0  s;  Nonrepetitive) 

's/b 

2.87 

Adc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  —  Bandwidth  Product 

(IC  -  0.5  Adc,  VCE  -  10  Vdc,  f  =  1.0  MHz) 

<T 

2.5 

MHz 

•Small-Signal  Current  Gain 

hfe 

(lc  -  1  0  Adc,  VCE  -  4.0  Vdc,  f  -  1 .0  kHz) 

15 

120 

•Small-Signal  Current  Gain  Cutoff  Frequency 
( VCE  =4.0  Vdc,  lc  -  1.0  Adc,  f  -  1 .0  kHz) 

*hfe 

10 

kHz 

*  Indicates  Within  JEDEC  Registration.  (2N3055) 


(1)  Pulse  Test:  Pulse  Width  <  300       Duty  Cycle  <  2.0%. 

FIGURE  2  -   ACTIVE  REGION  SAFE  OPERATING  AREA 

2N3055,  MJ2955 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  'cvCE  I'MIWti  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i  e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  2  is  based  on  Tc  =  25°C;  Tj(pk)  is  variable 
depending  on  power  level.  Second  breakdown  pulse  limits  are 
valid  for  duty  cycles  to  10%  but  must  be  derated  for  temperature 
according  to  Figure  1. 


VCE.  COLLECTOR-EMITTER  VOLTAGE  {V0LTSI 
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2N3055  NPN/MJ2955  PNP 


MJ2955 


FIGURE  3  —  DC  CURRENT  GAIN 

200 


01  0.2     0.3       0.5   0.7    1.0  2.0     3.0       5.0    7.0  10 

lc.  COLLECTOR  CURRENT  (AMP) 


d  0.4 
S 

i  „ 


1C-  1.0  A 


50      10  20 


FIGURE  4  -  COLLECTOR  SATURATION  REGION 

2  0 


^o"1!1;  So. 1  '500"  '.a. 

Ig.  BASE  CURRENT  (mA) 


~l  TT 
Tj  -  25°C 


2000 


FIGURE  S  -  "ON"  VOLTAGES 


IB,  BASE  CURRENT  (mAI 

■ 


0.1  0.2    0  3        0.5  0.7     1.0         2.0    3.0        5  0   7.0  10 

lCl  COLLECTOR  CURRENT  (AMPERES) 


0.1  02     0.3      0.5  1.0  2  0     3.0      5.0  10 

IC.  COLLECTOR  CURRENT  (AMP) 
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NPN 

/rrx  2N3055A  ■  MJ15015 

(M)  MOTOROLA  PNP 

w  MJ2955A  •  MJ15016 


COMPLEMENTARY  SILICON 
HIGH-POWER  TRANSISTORS 

.  .  .  PowerBase  complementary  transistors  designed  for  high  power 
audio,  stepping  motor  and  other  linear  applications.  These  devices 
can  also  be  used  in  power  switching  circuits  such  as  relay  or  solenoid 
drivers,  dc-to-dc converters,  inverters,  or  for  inductive  loads  requiring 
higher  safe  operating  area  than  the  2N3055  and  MJ2955. 


•  Current-Gain  -  Bandwidth-Product  @  lc  = 

fj  =  0.8  MHz  (Min)  -  NPN 
=  2.2  MHz  (Min)  -  PNP 

•  Safe  Operating  Area  -  Rated  to  60  V  and 

120  V,  Respectively 


1 .0  Adc 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Collector-Emitter  Voltage  Base 
Reversed  Biased 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 


Total  Device  Dissipation  @  Jq  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


vCBO 


VCEV 


Tj,  Ts, 


2N3055A 
MJ2955A 


MJ15015 
MJ15016 


115 
0.65 


180 
1.03 


-65  to  +200 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Symbol 


«JC 


°C/W 


•Indicates  JEDEC  Registered  Data  (2N3055AI 


FIGURE  1  -  POWER  DERATING 


-  MJI3UI3   

m  nsnifi 

2N3 

55A 

'  MJ2955A 

50  75  100  125 
TC,  CASE  TEMPERATURE  (°C) 


15  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60,  120  VOLTS 
115, 180  WATTS 


1NG  PLANE  h 


STYLE  1: 
PIN  1.  BASE 

2.  EMITTER 
CASE  COLLECTOR 

NOTES: 

1.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
REFERENCED  TO-2Q4AA  OUTLINE  SHALL  APPLY. 

2.  001  02  OBSOLETE,  NEW  STANDARD  01 101  . 

3.  001-01  OBSOLETE,  NEW  STANDARD  001-03. 

4.  DIAMETER  V  AND  SURFACE  WARE  DAT  U  MS. 

5.  POSITIONAL  TOLERANCE  FOR  HOLE  Q: 
|»1>0.25(0.010}®|W|V®1 

6.  POSITIONAL  TOLERANCE  FOR  LEAPS: 
|»|S0.3010.012)r3lW|V8lQ9l 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

1 

21,08 

0.830 

C 

6.35 

7.62 

j  ;.st 

0.300 

D 

0.97 

1.09 

i]  038 

0.043 

E 

1.40 

1.78 

imt 

0.070 

F 

30.1 

BSC 

I  18 

BSC 

G 

10.9 

BSC 

0  430  BSC 

H 

54 

BSC 

0  215  BSC 

J 

16.8 

BSC 

0.665  BSC 

K 

11  18 

12.19 

0.440 

0.480 

0. 

3.81 

4.19 

0  150 

0  165 

R 

26.67 

1.050 

2.54 

3.05 

OlOOi  0.120 

1 

3.81 

4.19 

i°-'«l  Q-imI 

CASE  1-04 
TO-204AA 


3-9 


NPN  2N3055A,  MJ15015 
PNP  MJ2955A,  MJ15016 


v 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted). 


Characteristic 

Symbol 

Min 

Ma* 

U„i, 

OFF  CHARACTERISTICS  (1) 

•Collector-Emitter  Sustaining  Voltage 

2N3055A,  MJ2955A 

vCEO(sus) 

60 

Vdc 

(lc  =  200  mAdc.  IB  =  0) 

MJ15015,  MJ15016 

120 

Collector  Cutoff  Current 

ICEO 

mAdc 

(VCE  =  30  Vdc.  VBE(offl  -  0  Vdcl 

2N3055A.  MJ2955A 

0.7 

(VCE=60Vdc.VBEIoff)-OVdc) 

MJ15015,  MJ15016 

0.1 

•Collector  Cutoff  Current 

2N3055A,  MJ2955A 

ICEV 

5.0 

mAdc 

( VCEV  =  Rated  Value,  VBE(off I  =  1  S  Vdc) 

MJ15015.  MJ15016 

1.0 

Collector  Cutoff  Current 

(VCEV  -  Rated  Value.  VBE(off)  -  1.5  Vdc. 

2N3055A,  MJ2955A 
MJ15015,  MJ15016 

'CEV 

30 

mAdc 

6.0 

TC  -  150°CI 

•Emitter  Cutoff  Current 

2N30S5A.  MJ2955A 

!eBO 

5.0 

mAdc 

(VEB  -  7.0  Vdc,  lc  -  01 

MJ15015.  MJ15016 

0.2 

•SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  w 

th  Base  Forward  Biased 

'S/b 

Adc 

(t  =  0.5  s  non-repetitive) 

2N3055A.  MJ2955A 

1.95 

IVCE  -  60  Vdc) 

MJ15015.  MJ15016 

3.0 

•ON  CHARACTER  I 


*TICS'" 


DC  Current  Gain 

(lc- 4.0  Adc,  VCE  =  2.0  Vdc) 
<lc  =  4.0Adc.  VCE=4.0Vdc) 
(lc  -  10  Adc,  VCE  -  4.0  Vdc) 


Vr-c  


"FE 


10 

20 
5.0 


70 
70 


Collector-Emitter  Saturation  Voltage 
(IC  -  4.0  Adc,  lB  =  400  mAdc) 
dC  =  10  Adc,  lB  -  3.3  Adc) 
(le  °  15  Adc.  IB  =  7.0  Adc) 


1 .1 
3.0 
5.0 


Base-Emitter  On  Voltage 

(IC  =  4.0  Adc,  VCE  =  4.0  Vdc) 


vBE(on) 


•DYNAMIC  CHARACTERISTICS 


Current-Gain-Bandwidth  Product                      2N3055A,  MJ15015 
llc  -  1  0  Adc,  VCE  "  4.0  Vdc.  f  -  1.0  MHz)   MJ2955A.  MJ15016 

<T 

OB 

2.2 

6.0 
18 

MHz 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  -  0.  f  -  1.0  MHz) 

Cob 

60 

600 

pF 

•SWITCHING  CHARACTERISTICS  (2N3055A  only) 
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NPIM  2N3055A,  MJ15015 
PIMP  MJ2955A,  MJ15016 


FIGURE  2  -  DC  CURRENT  GAIN 


FIGURE  3  -  COLLECTOR  SATURATION  REGION 


0.3       0.6   0.7  1 


2       3        S     7     10  15 
lc.  COLLECTOR  CURRENT  (AMP) 


T  i  =  5 

- 

5° 

- 
c- 

IA  

rlt-1 

4  A 

ft 

J  

0.005   0.01      0.02      0.05      0.1      0.2  0.5 
lB.  BASE  CURRENT  (AMP) 


1        2  5 


FIGURE  4  -  "ON"  VOLTAGES 


— 1 

C" 

5" 

¥ 

_VBE 

(sail 

eic/i 

)-' 

~    II  ' 
"VCE'satl®1^1 

3-' 

3 

vBE(o 

,S> 

'C£  = 

1  V 

y 

 Ill'1 

0.2    0.3       0.5    0.7     1  2       3         5      7  10 

(£,  COLLECTOR  CURRENT  (AMP) 


FIGURE  5  -  CURRENT-GAIN— BANDWIDTH  PRODUCT 

5  10 


& 

MJ15016 

2N305 

jA 

MJ15016 

0.2         0.3  0.5  1.0 

lc,  COLLECTOR  CURRENT  (AMPS) 


FIGURE  6  -  SWITCHING  TIMES  TEST  CIRCUIT 
(Circuit  shown  is  for  NPN) 


+  13  V 
O 


30  n 
o  wv- 


-q  i 

-11V  I  1  *,N6073 

tr,  tf  <  10  ns  "  S 

Duty  Cycle  =  1 .0%  "5  v 


10 

7 

5 

3 

1 

2 

3? 

1 

h- 

0.7 

0.5 

0.3 

0.2 

FIGURE  7  -  TURN-ON  TIME 


=  VCC-3I 
ZIc/Ir-1 

0 

T. =  ?KOr 

tr 

-td  — 

0.2    0.3      0.5   0.7     1  2      3        5     7     10  1 

Iq,  pOLLECTOR  CURRENT  (AMP) 
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NPN  2N3055A,  MJ15015 
PNP  MJ2955A,  MJ15016 


FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 
2N3055 A.  MJ2955A 


-Bonding Wire  Limit 
-  Thtrmil  Limit  9  TC  -  25°C  {Single  Pulie) 
-Second  Breakdown  Limit 


ii' 


30jjs 


10  20  60  100 

VCE.  COLLECTOR-EMITTER  VOLTAGE  IVOLTSI 

There  are  two  limitations  on  the  power  handling  ability  of  a  transistor: 
average  junction  temperature  and  second  breakdown.  Safe  Operating  area 
curves  indicate  Ic-VCE  limits  of  the  transistor  that  must  be  observed  for 
reliable  operation;  i.e.,  the  transistor  must  not  be  subjected  to  greater 


FIGURE  13  -  FORWARD  BIAS  SAFE  OPERATING  AREA 
MJ15015,  MJ15016 


S  l.fl 


0.1  mi" 

— » 

V 

V 

k- 

•> 

1.0  mi- 

100  mi 

gle  P 

ulse 

— 

—  —  —  —  inermai  Limnp  ifj- 

mil 

dc 

I                 I  I 

15         20  30  60  '00  120 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

dissipation  than  the  curves  indicate. 

The  data  of  Figures  12  and  13  is  based  on  Tc  =  2S°C.  Tj(p|()  is  variable 
depending  on  power  level.  Second  breakdown  pulse  limits  ere  valid  for  duty 
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2N3441 

® 


3  AMPERES 

NPN  SILICON  POWER  TRANSISTOR 

NPN  SILICON 
POWER  TRANSISTOR 

.  .  .  2N3441  transistor  is  designed  for  use  in  general-purpose  switching 
and  linear  amplifier  applications  requiring  high  breakdown  voltages. 
It  is  characterized  for  use  as: 

•  Driver  for  High  Power  Outputs 

140  VOLTS 
26  WATTS 

•  Series  and  Shunt  Regulators 

•  Audio  and  Servo  Amplifiers 

•  Solenoid  and  Relay  Drivers 

•  Power  Switching  Circuits 

Sv 

MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

140 

Vdc 

Collector-Base  Voltage 

vCBO 

160 

Vdc 

Emitter-Base  Voltage 

vEBO 

7 

Vdc 

Collector  Current  —  Continuous 

'C 

3 

Adc 

Base  Current  -  Continuous 

>B 

2 

Adc 

Total  Power  Dissipation  @  Jq  =  25°C 

Pd 

25 

Watts 

Derate  above  25°C 

0.142 

W/°C 

Operating  and  Storage  Junction 

TJ.  Tstg 

-65  to  +200 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

RSJC 

7 

°c/w 

p 

 u  

c 

T7 

'  t   711  

SEATING  PLANE 


STYLE  1: 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

■ 

11.94 

12.70 

0.470 

0.500 

c 

6.35 

8.S4 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

1448 

14.99 

0.570 

0.590 

K 

9.14 

0.360 

P 

1.27 

0.050 

a 

3.61 

3.86 

0.142 

0.152 

s 

8.89 

0.350 

T 

3.68 

0.145 

U 

15.75 

0.620 

All  JEOEC  Dimensions  and  end  Notes  Apply. 

CASE  804)2 
T066 
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2N3441 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  notedl 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (11 
<lc  =  100mAdc,  lB -01 

VCEO(sus) 

140 

Vdc 

Collector  Cutoff  Current 
(VCE  =  140  Adc,  lB  =01 

 ' 

'CEO 

100 

mA 

Collector  Cutoff  Current 

(VCE  =  140  Vdc.  VBE|off|  =  1  .5  V) 

(VCE  -  140  Vdc,  VBE(otf)  -  1 .5  V  <s>  150°C 

!CEX 

_ 

5.0 

6.0 

mA 

Emitter  Cutoff  Current 
(VBE  -  7.0  Vdc,  lc  -  0) 

'EBO 

1.0 

mA 

ON  CHARACTERISTICS 



DC  Current  Gain  (1 ) 

dc  -  0.5  Adc,  VCE  =  4.0  VI 
(IC  =  2.7  Adc.  VCE  -  4.0  V) 

"FE 

25 
5  0 

100 

Collector-Emitter  Saturation  Voltage  (1  I 
(IC  =  2.7  Adc,  lg  =  0.9  Add 

vCE(satl 

6.0 

Vdc 

Base-Emitter  On  Voltage  (1) 
(I.  -  2.7  Adc,  VCE  =  4.0  Vdcl 

vBE(on) 

6.7 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

hfe 

15 

75 

(lc  -0.5  Adc,  VCE  =  4.0  Vdc,  ftest  =  1  kHz! 

Small-Signal  Current  Gain 

IIC  ■  0.5  Adc,  VCE  -  4.0  Vdc,  f,es,  =  0.4 

MHzl 

ihfel 

5.0 

FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  ARE 


\q  max  (Continuous) 


v> 


Second  Breakdown  Limit 
.  Bonding  Wire  Limit  — 
-  Thermal  Limit  ©  Tc  =  25°C  — 

I  I  I  I  I  III  -I— I 


55 


There  are  two  limitations  on  the  power-handling  ability 
of  a  transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  lc~VcE  limits  of  the 
transistor  that  must  be  observed  for  reliable  operation,  i.e., 
the  transistor  must  not  be  subjected  to  greater  dissipation 


than  the  curves  indicate. 
The  i 


data  of  Figure  1  is  based  on  T 
variable  depending  on  conditions. 

thermal  limitations  will  reduce  the  power  that  can  be  handled 
to  values  less  than  the  limitations  imposed  bv  second  break- 


200°C  TC  is 
atures, 


5.0   7.0  10 


20 


VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI 
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MOTOROLA 


2N3442 
2N4347 


— 


HIGH-POWER  INDUSTRIAL  TRANSISTORS 


NPN  silicon  power  transistors  designed  for  applications  in 
industrial  and  commercial  equipment  including  high  fidelity  audio 
amplifiers,  series  and  shunt  regulators  and  power  switches. 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VcE(sat)  "  1.0  Vdc  (Max)  @>  lc  =  2.0  Adc  -  2N4347 

•  Collector-Emitter  Sustaining  Voltage  — 

VCEO(sus)  "  120  Vdc  (Mm)  -  2N4347 
140  Vdc  (Mm)  -  2N3442 

•  Excellent  Second-Breakdown  Capab  lily 


> 

♦MAXIMUM  RATINGS 

Rating 

Symbol 

2N4347 

2N3442 

Unit 

Collector-Emitter  Voltage 

VCEO 

120 

140 

Vdc 

Collector-Base  Voltage 

vgB 

140 

160 

Vdc 

Emitter-Base  Voltage 

VFR 

7.0 

Vdc 

Collector  Current  -  Continuous 
Peak 

>c 

5.0 
10 

10 

15" 

Adc 

Base  Current  -  Continuous 
Peak 

B 

3.0 
8.0 

7.0 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

PD 

100 

0.57 

117 
067 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

2N4347 

2N3442 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

1.75 

1.5 

°c/w 

•Indicates  JEDEC  Registered  Data. 
"This  data  guranteed  m  addition  to  JEDEC  registered  data. 

5.0  AND  10  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 

120.  140  VOLTS 
100.  117  WATTS 


STYLE  I: 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

3937 

1  550 

21.08 

0830 

C 

6.35 

7  62 

0.250 

0  300 

D 

0.99 

1  09 

0.039 

0.043 

E 

3.43 

0.136 

F 

29.90 

30  40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0210 

0  220 

J 

16.64 

17  15 

0  655 

0.676 

K 

11.18 

1219 

0440 

0480 

Q 

3  84 

4.09 

0.151 

0  161 

R 

26.67 

1  050 

Collecloi  connected  to  c 
CASE  11  01 
(T03I 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 
(lc  -  200mAdc.  IB  -  01 

2N4347 
2N3442 

vCEO(sus) 

120 
140 

Vdc 

Collector  Cutoff  Current 
(VCE  »  100  Vdc,  lB  -  0) 
(VCE  -  140  Vdc,  lB  -  0) 

2N4327 
2N3422 

'CEO 

200 
200 

mAdc 

Collector  Cutoff  Current 

(VCE  -  125  Vdc,  VBE|off)  =  1.5  Vdc) 
(VCE  -  140  Vdc.  VBE(of,)  =  1 .5  Vdc) 
(VCE  •■  120  Vdc,  VBE(o„>  =  1.5  Vdc,  TC  =  1 
IVCE  -  140  Vdc.  VBE(of)l  -  1.5  Vdc,  TC  -  1 

50°C) 
50°C> 

2N4347 
2N3442 
2M4347 
2N3442 

ICEX 

_ 

2.0 
5.0 
10 
30 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  7.0  Vdc,  lc  =  0) 

2N4347,  2N3442 

'ebo 

5.0 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

He  =  2.0  Adc,  VCE  =  4.0  Vdc) 
(IC  =  5.0  Adc,  VCE  -  4.0  Vdc) 
0c  =  3.0  Adc,  VcE  =  4.0  Vdc) 
0C  *  10  Adc,  VcE  =  4.0  Vdc) 


2N4347 
2N4347 
2N3442 
2N3442 


15 
10 

20 
7.5 


60 
70 


Collector-Emitter  Saturation  Voltage 
(IC  -  2.0  Adc,  lB  -  200  mAdc) 
(IC  -  5.0  Adc,  lB  =  0.63  Adc) 
llc  -  10  Adc,  lB  -2.0  Adc) 


1 .0 
2.0 
5.0 


Base-Emitter  On  Voltage 

llc  =  2.0Adc,VCE-4.0Vdc> 
llc-5.0  Adc,  VCE  =  4.0Vdc) 
(IC  '  10  Adc,  VCE  -  4.0  Vdc) 


vBE(onl 


3.0 
5.7 


DYNAMIC  CHARACTERISTICS 


Current-Gain-Bandwidth  Product  (2) 

(IC  ■  0.5  Adc,  VCE  •  4.0  Vdc,  ftcst  =  50  kHz) 
(lc  -  2.0  Adc,  VCE  =  4.0  Vdc,  ftest  ■  40  kHz) 

2N4347 
2N3442 

<T 

200 
80 

kHz 

Small-Signal  Current  Gain 

hfe 

(lc  =  0.5  Adc,  VCE  -  4.0  Vdc,  f  -  1 .0  kHz) 
llc  -  2.0  Adc,  VCE  =  4.0  Vdc.  f  =■  1 .0  kHz) 

2N4347 
2N3442 

40 
12 

'  ' 

72 

•Indicates  JEDEC  Registered  Data 
NOTES:  1 .  Pulse  Test:  Pulse  Width  =  300  us.  Duty  Cycle  <  2.0%. 
2-  fT  "  Ihfel  •  ftest 


FIGURE  1  —  POWER  DERATING 


50  75         100        125         150  175 

Tc,  CASE  TEMPERATURE  (°C) 
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2N3442,  2N4347 


ACTIVE  REGION  SAFE  OPERATING  AREA  INFORMATION 


FIGURE  2  -  2N3442 


3  0        5.0    7.0     10  20      30         50     70  100 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTS) 


FIGURE  3  -  2N4347 


0.2     0.3        0.5    0.7    1.0  2.0     3.0       5.0    7.0  10 

IC,  COLLECTOR  CUHRENT  (AMP) 


There  are  two  limitations  on  the  power-handling  ability 
of  a  transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  lc~vCE  limits  of  the 
transistor  that  must  be  observed  for  reliable  operation,  i.e., 
the  transistor  must  not  be  subjected  to  greater  dissipation 
than  the  curves  indicate. 

The  data  of  Figures  2  and  3  is  based  on  Tj(pk)  =  200°C;  Tq 
is  variable  depending  on  conditions.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled 
to  values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  5  -  COLLECTOR-SATURATION  REGION 
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2N3445 

thru 
2N3448 


® 


HIGH-SPEED  SILICON  ANNULAR 
NPN  POWER  TRANSISTORS 

...  for  switching  and  amplifier  applications 
FEATURES 

•  Fast  Switching:  Total  Switching  Time  =  1.2  fis  (Typ)  @  5.0  A 

•  High  Gain:  HpE  =  40  to  120  @  5.0  Amps  (2N3447-48) 

•  Guaranteed  DC  Safe  Area:  1.5  Amps  (Min)  <9>  VqE  =  40  Vdc 

•  LowVcE(sat):  10  Volt  (Typ),  1.5  Volts  (Max)  @  5.0  Amps 

•  Excellent  Beta  Linearity 
APPLICATIONS 

•  Specified  safe  area  of  this  series  allows  reliable  design  for  inverters, 
converters,  hammer,  and  servo  drivers. 

•  Fast  response  makes  it  ideal  for  series  regulators;  high  switching 
speeds  enhance  its  use  in  switching  regulators. 

•  Wide  bandwidth  and  flat  beta  hold-up  result  in  exceptional  ampli- 
fier characteristics. 


7.5  AMPERE 

POWER  TRANSISTORS 

SILICON  NPN 

60-80  VOLTS 

115  WATTS 




MAXIMUM  RATING 


Rating 

Symbol 

2N3445 
2N3447 

2N3446 
2N3448 

Unit 

Collector-Emitter  Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

80 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

10 

Vdc 

Collector  Current-Continuous 

ic 

7.5 

Adc 

Base  Current  -  Continuous 

'B 

4.0 

Adc 

Total  Device  Dissipation 

PD 

Figure  1 ,  2  |Figure  1,  3 

Watts 

Operating  Junction  Temperature 
Range 

Tj 

-65  to  +200 

°c 

FIGURE  1  -  POWER  DERATING  CURVE 


120 
100 
80 
60 
40 
20 


°  0  25  50  75  100  125         150  175  200 

Tc,  CASE  TEMPERATURE  (°C) 


J  by  Figur«2, 


STYLE  1 : 
PIN  1.  BASE 

2. EMITTER 
CASE:  COLLECTOR 


DIM  "Q"  ISDIA. 


ETERS 

INCHES 

p 

n 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

I 

21  08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

e 

10.67 

11.18 

0.420 

0.440 

H 

5  33 

5.S9 

0.210 

0.220 

J 

1664 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.84 

4.09 

0.151 

0.161 

R 

26.67 

1.050 

CASE  11-01 
(TO-3) 
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2N3445thru  2N3448  0$£$m£ 


ELECTRICAL  CHARACTERISTICS   (Tc  -  25°C  unlets  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Fmittor-Raeo  Putnff  Piirrnnt 

(VEB  -  6  Vdc)                                           2N3445,  2N3447 
(VEB  =  10Vdc)                                         2N3446, 2N3448 

'ebo 

- 

- 

0.25 
0.25 

Collector-Emitter  Cutoff  Current 

(VCE  -  60  Vdc,  VBE  = -1  Vdc)                     2N3445.  2N3447 
(VCE  =  60  Vdc.  VBE  =  -1  Vdc.  TC  -  150°C)  2N3445,  2N3447 

'CEX 

0.1 
1.0 

mAdc 

(VCE  =  80  Vdc.  VBE  -  - 1  Vdc)                     2N3446,  2N3448 
(VCE  =  80  Vdc,  VBE  =  -1  Vdc,  TC  -  150°C)  2N3446,  2N3448 

— 

— 

0.1 
1.0 

Collector-Emitter  Cutoff  Current 

(VCE -40  Vdc,  lB  =  0)                                2N3445,  2N3447 
(VCE  "  60  Vdc,  lB  -  0)                               2N3446,  2N3448 

- 

1.0 
1.0 

mAdc 

Collector-Base  Breakdown  Voltage 

(lC  =  1  mAdc,  lE  -  0)                                  2N3445.  2N3447 

2N3446,  2N3448 

BVcbo 

80 
100 

- 

— 

Vdc 

Collector-Emitter  Sustaining  Voltage 

(lc- 100  mAdc,  lB-0)                              2N3445,  2N3447 

2N3446,  2N3448 

VpFn(cnel 

otutsusf 

60 
80 

- 

- 

Vdc 

DC  Current  Gain 

(Ifj  ■  0.5  Adc,  VfjE  *  5  Vdc)                        2N3445,  2N3446 

2N3447,  2N3448 

(lC  -  3  Adc,  VCE  •  5  Vdc)                           2N3445,  2N3446 
<lC  =  5Adc,  VCE  =  5Vdc)                           2N3447,  2N3448 

—  

20 
40 
20 
40 

45 
85 
40 
75 

- 
60 

- 

Collector-Emitter  Saturation  Voltage 

(lc  =  3  Adc,  lB  =  0.3  Add                           2N3445,  2N3446 
(lc  -  5  Adc.  IB  =  0.5  Adc)                            2N3447,  2N3348 

"  CE(sat) 

0.6 
0.8 

1.5 
1.5 

Vdc 

Base-Emitter  Saturation  Voltage 

(lC  "  3  Adc,  lB  -  0.3  Adc)                            2N3445,  2N3446 
(lc  =  5Adc.  lB  =  0.5Adcl                            2N3447,  2N3338 

Vr  £  (sat) 

1.0 
1.0 

1.5 
1.5 

Vdc 

Base-Emitter  Voltage 

(lC  =  3  Adc,  VCE  =  5Vdc)                           2N3445,  2N3446 
(lc»5Adc,VCE=5Vdc)                           2N3447, 2N3448 

VBE 

1.0 
1.0 

1.5 
1.4 

Vdc 

Small  Signal  Current  Gain 

(VCE  -  10  Vdc,  lc  -  0.5  Adc,  f  p  1  KHz)         2N3445,  2N3446 

hfe 

20 

100 

2N3447,  2N3448 
(VCE  =  10  Vdc,  lc  -  0.5  Adc,  f  =  10  MHz)            All  Types 

40 

1.0 

1.6 

200 

Common  Base  Output  Capacitance 

(VCB-  10  Vdc,  f«  0.1  MHz)                              All  Types 

C0b 

260 

pf 

400 

Switching  Times 

(VCC  =  25  Vdc,  R  L  ■  5  ohms,  lc  =  5  A.  IB1  -  lB2  =  0.5  A) 



us 

Delay  Time  plus  Rise  Time 
Storage  Time 
Fall  Time 

«d  +  «r 
«s 

0.15 
0.9 

0.35 
2.0 

tf 

0.15 

0.35 

The  Safe  Operating  Area 
Curves  indicate  lc  —  V"cE 
limits  below  which  the  de- 
vice will  not  go  into  secon- 
dary breakdown.  Collector 
load  lines  for  specific  cir- 
cuits must  fall  within  the 
applicable  Safe  Area  to 
avoid  causing  a  collector- 
emitter  short.  (Duty  cycle 
of  the  excursions  make  no 
significant  change  in  these 
safe  areas.)  To  insure  opera- 
tion below  the  maximum 
Tj  the  power-temperature 
derating  curve  must  be  ob- 
served for  both  steady  state 
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2N3583  thru  2N3585, 2N4240  npn 

2N6420  thru  2N6423  pmp  (g)  motorola 


COMPLEMENTARY  MEDIUM-POWER  HIGH  VOLTAGE 
POWER  TRANSISTORS 


.  .  .  designed  for  high-speed  switching  and  linear  amplifier  applica- 
tions for  high-voltage  operational  amplifiers,  switching  regulators, 
converters,  inverters,  deflection  stages  and  high  fidelity  amplifiers. 


Collector-Emitter  Sustaining  Voltage  - 

VcEO(sus)  =  175  to  300  Vdc  <9>  Iq  =  200  mAdc 
Second  Breakdown  Collector  Current  — 

ls/b  =  350  mAdc  @  Vqe  =  100  Vdc  -  NPN 
=  150  mAdc  @  VcE  =  100  Vdc  -  PNP 
Usable  DC  Current  Gain  to  2.0  Adc 


 1 




1.0  AND  2.0  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 


250-500  VOLTS 
35  WATTS 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Collector  Current-Continuous 
 -Peak  11 1 


b  Current 


Total  Power  Dissipation 
®  TC  -  25°C, 
Derate  above  25°C 


Operating  and  Storage  Junc- 
tion Temperature  Range 


Symbol 


VCEO 


VCB 


PD 


Tj.Tstg 


2N3583 
2N6420 


2N3584 
2N6421 


2N3585 
2N6422 


37  5         500  500 


2N4240 
2N6423 


1.0 
5.0 


THERMAL  CHARACTERISTICS 


Thermal  Resistance,  Junction  to  Case 


Symbol 


Rejc  5-0 


•  Indicates  JEDEC  Registered  Data 
(11  Pulse  Test:  Pulse  Width  =  5.0  ms.  Duty  Cycle  <  10%. 





SEATING  PLANE 

STYLE  1:  i 
PIN  I.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

1  ■  94 

12.70 

0.470 

0.500 

C 

6  35 

8.64 

0.250 

0  340 

D 

0.71 

0.86 

0.026 

0.034 

E 

1  27 

1.91 

0.050 

0.075 

F 

21  33 

24.43 

0.958 

0  962 

G 

4  83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14  48 

14.99 

0.670 

0.590 

K 

9  14 

0.360 

P 

1.27 

0.050 

a 

361 

3.86 

0.142 

0.152 

s 

8.89 

0.350 

T 

3.68 

0  145 

U 

1575 

0.620 

II  JEDEC  Dimensions  and  and  Notes  Apply. 
E_  80-02 
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2N3583  thru  2N3585  •  2N4240  -  NPN 
2N6420  thru  2N6423  -  PNP 


ELECTRICAL  CHARACTERISTICS  1TC  =  25°C  unless  otherwise  noted.) 


NPN 

PNP 

Characteristic 

NPN 

PNP 

Symbol 

Min     J  Max 

Min    |  Max 

Unit 

•OFF  CHARACTERISTICS  ID 


Collector-Emitter  Sustaining  Voltage 

2N3583 

2N6420 

vCEOIsusl 

175 

175 

Vdc 

He  =  200  mAdc,  lB  -  01  NPN 

2N3584 

2N6421 

250 

250 

2N3585 

2N6422 

300 

300 

llc  -  50  mAdc.  IB  -  01  PNP 

2N4240 

2N6423 

300 

300 

Collector  Cutoff  Current 

'CEO 

mAdc 

IVCE  -  150  Vdc.  IB  =  0) 

2N3583 

2N6420 

10 

10 

2N3584 

2N6421 

5.0 

5.0 

2N3585 

2N6422 

5.0 

5.0 

2N4240 

2N6423 

5.0 

5.0 

Collector  Cutoff  Current 

'CEX 

mAdc 

IVCE  "  225  Vdc,  VBE(off)  =  1.5  Vdc) 

2N3583 

2N6420 

10 

1.0 

I VCE  =  340  Vdc.  VBE(0ff)  =  1.6  Vdc) 

2N3584 

2N6421 

1.0 

1.0 

1 VCE  -  450  Vdc,  VBE(off]  =  1.5  Vdc) 

2N3585 

2N6422 

1.0 

1.0 

2N4240 

2N6423 

2.0 

2.0 

IVCE  -  225  Vdc.  VBE(0„)  =  1.5  Vdc.  Tc  -  150"C) 

2N3583 

2N6420 

3.0 

3.0 

IVCE  ■  300  Vdc,  VBE(off)  =  1.5  Vdc,  TC  «  150°C) 

2N3584 

2N6421 

3.0 

3.0 

2N3585 

2N6422 

3.0 

3.0 

2N4240 

2N6423 

5.0 

5.0 

Emitter  Cutoff  Current 

'EBO 

mAdc 

IVBE  =6.0  Vdc.  Ic  "  0) 

2N3583 

2N6420 

5.0 

5  0 

2N3584 

2N6421 

0.5 

0.5 

2N3585 

2N6422 

0.5 

0.5 

2N4240 

2N6423 

0.5 

0.5 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

All 

All 

hFE 

(lc  ■  0.1  Adc.  VcE  =  10  Vdc) 

40 

40 

•dc  "  0.5  Adc.  VCE  =  10  Vdc) 

2N3583 

2N6420 

40 

200 

40 

200 

•He  =  0.75  Adc,  VCE  -  2.0  Vdc) 

2N4240 

2N6423 

10 

100 

10 

100 

llc  -  0.75  Adc.  VCE  -  10  Vdcl 

2N4240 

2N6423 

30 

150 

30 

150 

MIC=  1.0  Adc,  VCE  =  2.0  Vdcl 

2N3584 

2N6421 

8.0 

80 

8.0 

80 

2  N  3585 

2N6422 

8.0 

80 

8.0 

80 

IIC  =  1.0  Adc,  VCE  -  10  Vdcl 

2N3583- 

2N6420 

10 

10 

2N3584 

2N6421 

25 

100 

25 

100 

2N3585 

2N6422 

25 

100 

25 

100 

"Collector-Emitter  Saturation  Voltage 

VcE(sat) 

Vdc 

IIC  -  0.75  Adc,  lB  =  75  mAdc) 

2N4240 

2N6423 

1.0 

1.0 

(lC-  1.0  Adc,  lB-  125  mAdc) 

2N  3583 

2N6420 

5.0 

5.0 

2N3584 

2N6421 

0.75 

0.75 

2N3585 

2N6422 

0.75 

0.75 

•Base-Emitter  Saturation  Voltage 

vBE(sat) 

Vdc 

llc  =  0.75  Adc,  lB  -  75  mAdc) 

2N4240 

2N6423 

1.8 

1.8 

HC  "  10  Adc,  lB  -  100  mAdc) 

2N3584 

2N6421 

1.4 

1.4 

2N3585 

2N6422 

1.4 

1.4 

Base-Emitter  On  Voltage 

A„ 

All 

vBE(on) 

Vdc 

He  -  10  Adc,  VCE  -  10  Vdc) 

1.4 

1.4 

"Indicates  JEDEC  Registered  Data. 
(1 )  Pulse  Test.  Pulse  Width  =  300  us.  Duty  Cycle  2%. 
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2N3583  thru  2N3585  •  2N4240  -  NPN 
2N  6420  thru  2N6423  -  PNP 


- 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  othervv.se  noted.) 


NPN 

PNP 

Characteristic 

NPN 

PNP 

Symbol 

Min    |  Max 

Min     |  Max 

Unit 

DYNAMIC  CHARACTERISTICS 


•Current  Gain  -  Bandwidth  Product11' 

(lc  =  200  mAdc,  VCE  -  10  Vdc,  ftest  =  5.0  MHz) 

2N3583 
2N3584 
2N3585 
2N4240 

2N6420 
2N6421 
2N6422 
2N6423 

<T 

10 
15 

10 

15 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc,  I  f£  =  0,  f  -  1 .0  MHzl 

AM 

Cob 

120 

120 

pF 

•Small-Signal  Current  Gain 

hfe 

(lc  *  100  mAdc.  VCE  •  30  Vdc,  f  =  1.0  kHz) 

2N3583 

2N6420 

25 

350 

25 

350 

•SWITCHING  CHA 

1ACTERISTICS 


Rise  Time 
IVCC  -  200  Vdc 

IB1  =  100  mAdr 
(VCC  »  200  Vdc 

>B  1  =  75  mAdc) 

IC  =  1.0  Adc,  Ri  -  200  Ohn 

is, 

2N3584 

2N6421 

tr 

3.0 

3.0 

MS 

) 

lC"  0.75  Adc,  RL 

=  267  O 

ims, 

2N3586 
2N4240 

2N6422 
2N6423 

0.5 

0.5 

Storage  Time 

(VCC  =  200Vdc,  lC  "  1  0  Adc, 

2N3584 

2N6421 

ts 

4.0 

40 

6.0 

MS 

lBl  "  Ib2=  100  mAdc) 
(Vcc  *  200  Vdc,  lc  -  0.75  Adc, 
lB1  "  lB2  ■  75  mAdc) 

2N3585 
2N4240 

2N6422 
2N6423 

6.0 

Fall  Time 
(VCC  ■=  200  Vdc 

IB1  "  lB2-  100 
IVCC  =  200  Vdc 

lB1  -  <B2  "  '5r 

IC=  1.0  Adc. 
mAdc) 

lC  -  0.75  Adc. 
nAdcl 

2N3584 
2N3585 
2N4240 

2N6421 
2N6422 
2N6423 

tf 

3.0 

3.0 

3.0 

3.0 

MS 

1  

Second  Breakdown  Collector  Current 
(VCE  -  100  Vdc) 

All 

All 

I  

's/b 

350 

150 

•Indicates  JEOEC  Registered  Data 



Rfj  ami  Rc  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
Di  MUST  BE  FAST  RECOVERY  TYPE,  eg: 

MBD5300  USED  ABOVE  lg  «  100  mA 

MSD6100  USED  BELOW  IB  =  100  mA 
FOR  id  ami  lr,  01  IS  DISCONNECTED  AND  V2  =  0. 

FOR  PNP  TEST  CIRCUIT.  REVERSE  DI00E  AND  VOLTAGE  POLARITIES. 
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2N3583  thru  2N3585  •  2N4240  -  NPN 
2N6420  thru  2N6423  -  PNP 


NPN 

2N3583  thru  2N3585.2N4240 


PNP 

2N6420  thru  2N6423 


5^ 


I  o 1 

•  0.07 
•"  0.05 

0.03  " 
0.02  - 


51 


IVBEIoft)  -  0 


FIGURE  2  -  TURN-ON  TIME 

1.0 


:  Vcc  -  200  V 

■V  Ic/lB  =  5.0 

 IC'lB-'O 

Tj  =  25°C 


Vcc  -  200  V' 
 IC/lB'5.0  : 

ic/ie  =  io  ■ 

Tj  .  25°C  ' 


0.01 


30        50    70    100  200    300      500  700    1.0  k       2.0  k 

IC,  COLLECTOR  CURRENT  ImA) 


50    70    100         200     300      500  700  1.0  k 
IC.  COLLECTOR  CURRENT  (mA) 


2.0  k 


FIGURE  3  -  TURN-OFF  TIME 

10 

7.0 


20  30 


50    70    100         200    300      500  700  1.0  k 
lC,  COLLECTOR  CURRENT  ImAI 


2.0  k 


Vcc  -  200  v: 

 IC/lB  =  5.0  — 

 IC/>B=  10  — 

Tj  ■  25°C  " 


20     30        50    70     00  200    300      500  700    .  k       2  0k 

IC.  COLLECTOR  CURRENTImAI 
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2N3583  thru  2N3585  •  2N4240 
2N6420  thru  2N6423  -  PNP 


NPN 

" 


FIGURE  6  - 


ACTIVE-REGION  SAFE  OPERATING  AREA 


FIGURE  7  -  2N3583  thru  2N3585.  2N4240 


FIGURE  8  -  2N6420  thru  2N6423 


3.0       5.0   7.0    10  20      30        SO    70  100 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI 


5.0    7.0    10  20      30        50    70    100  200  300 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  9  —  POWER  DERATING 


20      40      60      B0     100     120     140     160     180  200 
Tc,  CASE  TEMPERATURE  l°C) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc_vCE  limits  of  the  transistor 
that  must  be  observed  for  rel  iable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  7  and  8  is  based  on  Tc  "  25°C;  Tj(p|() 
is  variable  depending  on  power  level.  Second  breakdown  pulse 
limits  are  valid  for  duty  cycles  to  10%  but  must  be  derated  for 
temperature  according  to  Figure  9. 

Tj(pk)  W  be  calculated  from  the  data  in  Figure  6.  At  high 
case  temperatures,  thermal  limitations  will  reduce  the  power  that 
can  be  handled  to  values  less  than  the  limitations  imposed  by 
second  breakdown.  Second  breakdown  limitations  do  not  derate 
the  same  as  thermal  limitations.  Allowable  current  at  the  voltages 
shown  on  Figures  7  and  8  may  be  found  at  any  case  temperature 
by  using  the  appropriate  curve  on  Figure  9. 


3-24 


2N3583  thru  2N3585  •  2N4240  -  NPN 
2N6420  thru  2N6423  -  PNP 


2N3583  thru  2N3585.2N4240 


PNP 

2N6420  thru  2N6423 


FIGURE  10  -  DC  CURRENT  GAIN 


20     30        50    70    100         200    300      500   700   1  0  k       2.0  k 
IC.  COLLECTOR  CURRENT  (mA) 


300, 

200 

100 

< 

70 

50 

X 

QC 
CC 

30 

20 

Q 

10 

7.0 

5.0 

30 

Tj  ■  150°C 

CE-20V 

II. 

?5°n 

s 

><CE  = 

0  V- 

s 

b- 

i 

u 

— ^ 

20     30        50    70    100  200    300      500  700   1.0  k      2.0  k 

IC,  COLLECTOR  CURRENT  (mA) 


FIGURE  11  -  COLLECTOR  SATURATION  REGION 


1.0      2.0        5.0      10       20         50      100     200  500 
IB.  BASE  CURRENT  (mA) 


5.0  10  20  50  100.  200  500 
IB,  BASE  CURRENT  ImA) 


FIGURE  12  -  "ON"  VOLTAGES 
1.0 


20     30        50    70    100  200     300      500  700  1.0  k       2.0  k 


20     30        50    70    100  200    300      500  700   1.0  k      2.0  k 

IC,  COLLECTOR  CURRENT  ImA) 


NOTE:  OC  CURRENT  LIMIT  FOR  2N3583,  2N6420  is  1.0  Amp. 
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2N3713  thru  2N3716  npn 


® 


MOTOROLA 


SILICON  NPN  POWER  TRANSISTORS 

. . .  designed  for  medium-speed  switching  and  amplifier  application 
These  devices  feature: 


•  Total  Switching  Time  at  3  A  typically  1.15  us 

•  Gain  Ranges  Specified  at  1  A  and  3  A 

•  Low  VcE(sat):  typically  0.5V  at  lc  =  5A  and  Ib  = 

•  Excellent  Safe  I 

•  Complement  to  2N3789-92 


5AandlB  =  0.i 


10  AMPERE 

POWER  TRANSISTORS 
SILICON  NPN 


60-80  VOLTS 
150  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

2N3713 
2N3715 

2N3714 
2N3716 

Unit 

Collector-Base  Voltage 

VCB 

80 

100 

Volts 

Collector-Emitter  Voltage 

vCEO 

60 

80 

Volts 

Emitter-Base  Voltage 

VEB 

7.0 

7.0 

Volts 

Collector  Current 

ic 

10 

10 

Amps 

Base  Current 

IB 

4.0 

4.0 

Amps 

Power  Dissipation 

pD 

150 

150 

Watts 

Thermal  Resistance 

«JC 

1.17 

1.17 

°C/W 

Operating  Junction  and 
Storage  Temperature  Range 

Tj  and 
Tstg 

-65  to  +200 

I  

°C 




FIGURE  1  -  POWER-TEMPERATURE  DERATING  CURVE 


1 60 

140 

g  120 
I 


 1 



75 


100 


150 


175 


Tc.  CASE  TEMPERATURES] 


Safe  Area  Limits  arc  indicated  by  Figures  12.  13.  Both  limits  are  applicable  and  must  be  observed. 


STYLE  I: 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


NOTE: 

I.  DIM  "0"  IS  0IA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

a 

3.84 

4.09 

0.151 

0.161 

R 

26.67 

1.050 

Collector  connected  to  case. 
CASE  11-01 
(TO-3) 
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2N3713thru2N3716  NPN 


ELECTRICAL  CHARACTERISTICS    (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

jymnoi 

Min 
nfiin 

Max 

Unit 

Eniitter-Base  Cutoff  Current 

!EBO 

mAdc 

(VEB   -  7  Vdc) 

All  Types 

5 

Collector-Emitter  Cutoff  Current 
(VCE  =  80  Vdc.  VBE  =  -1.5  Vdc) 
(VC£  =  100Vdc.VBE=     -1.5  Vdc) 

(VCE  =80  Vdc.  VB£  s  -1.5  Vdc,  Tc  =  150°C) 

2N3713,  2N3715 
2N3714,  2N3716 

6-N  J  flo,  u  IN  «J  /ID 

2N3714,  2N3716 

'CEX 

- 

l 
l 

10 
10 

mAdc 

— :  

Collector-Emitter  Sustaining  Voltage* 
(Ic  =  200  mAdc,  IB  =  0) 

2N3713,  2N3715 
2N3714,  2N3716 

VCEO(sus)* 

60 
80 

Vdc 

DC  Current  Gain* 
(Ic  .    1  Adc  .  VCE  ■  2  Vdc) 

(lc  =  3  Adc,  VC£.  -  2  Vdc) 

2N3713,  2N3714 
2N3715,  2N3716 
2N3713,  2N3714 
2N3715,  2N3716 

hFE* 

25 
50 
15 
30 

90 
150 

- 

 i  ,  

Collector-Emitter  Saturation  Voltage  * 
(Ic  =  5  Adc,  IB  =  0.5  Adc)  , 

2N3713,  2N3714 
2N3715,  2N3716 

VCE(sat)  * 

1.0 
0.8 

Vdc 



Base- Emitter  Saturation  Voltage* 
(Ic  =  5  Adc,  IB  =  0.5  Adc) 

2N3713,  2N3714 
2N3715,  2N3716 

vBE(sat)  * 

2.0 
1.5 

Vdc 

Base-Emitter  Voltage* 
(Ic  =  3  Adc,  VC£  =  2  Vdc) 

All  Types 

VBE* 

1.5 

Vdc 

Small  Signal  Current  Gain 
(VCE  =  10  Vdc,  Ic  =  0.5  Adc,  f  =  1  MHz) 

All  Types 

% 

4 

Switching  Times  (Figure  2) 
(I-   -  5  A,  IBl  =  Ifi2  =  0.5  Adc) 
Rise  Time 
Storage  Time 
Fall  Time 

Typ 

MS 

*s 

0.45 

0.3 

0.4 

"Use  sweep  test  to  prevent  overheating 

FIGURE  2  -  TYPICAL  SWITCHING  TIMES 


TEST  CIRCUIT 


3-27 


2N3713thru  2N3716  NPN 
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2N3713thru2N3716  NPN 


FIGURE  6  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE  VARIATIONS 


100  200 
I,,  BASE  CURRENT  (mA) 

FIGURE  7  -  BASE-EMITTER  SATURATION  VOLTAGE  VARIATIONS 


:>-lc-  5A 


_  Tj 

 2i°C 

 4o°c- 

 175°C- 


1 


SO  70 


l8.  BASE  CURRENT  ImA) 


FIGURE  8  -  COLLECTOR  CURRENT  versus 
BASE-EMITTER  VOLTAGE 


FIGURE  9  -  COLLECTOR  CURRENT  versus 
BASE  EMITTER  RESISTANCE 


a 

J3 


Vas-Voo-MV 
SEE  NOTE  2 


Tj  -  175°C 


Tj  =  100°C 


REVERSE- 


-FORWARD 


i 

o 


-0.4  -(L?  0  02 

Vu.  BASE-aHTTH  VOLTAGE  (VOLTS) 


Vce  =  Veto -20V 
SEE  NOTE  2  fH- 


10  100  1000  10,000 

Rbe>  EXTERNAL  BASE-EMITTER  RESISTANCE  (OHMS) 


100,000 
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2N3713thru  2N3716  NPN 
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2N3713thru  2N3716  NPN 


SAFE  OPERATING  AREAS 


FIGURE  12  -  2N3713,  2N3715 


FIGURE  13  -  2N3714,  2N3716 


.  50 

p>  — 

-250  ,ts  — 

— 1  

DC  to  5  ms  — 

1  n 

s 

0  10         20         30         40  50         60  70         80  90 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


The  Safe  Operating  Area  Curves  indicate  I{  VrK  limits 

below  which  the  device  will  not  go  into  secondary  break- 
down. Collector  load  lines  for  specific  circuits  must  fall 
within  the  applicable  Safe  Area  to  avoid  causing  a  collector-  conditions, 
emitter  short.  (Duty  cycle  of  the  excursions  make  no  signifi- 


cant change  in  these  safe  areas.)  To  insure  operation 
the  maximum  Tj,  the  power-temperature  derating 
must  be  observed  for  both  steady  state  and  pulse 


below 
curve  * 
power 
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2N3719,2N3720 
2N3867,2N3868 
2N6303 


® 


 >nt  switching  and  high 


SILICON  PNP  POWER  TRANSISTORS 

.  .  .  designed  for  high-speed,  mediu 
frequency  amplifier  applicatic 

•  Collector-Emitter  Sustaining  Voltage  - 

VCEO(sus)  =  40  Vdc  (Mini  -  2N3719.2N3867 
=  60  Vdc  (Mini  -  2N3720.2N3868 
=  80Vdc(Min)    -  2N6303 

•  DC  Current  Gain  - 

hpE  =  25-180  @  lc  =  1.0  Adc    -  2N3719.2N3720 
=  40-200  @IC  =  1.5  Adc  -2N3867 


=  30-150®  lc=  1.5  Adc 


B.2N6303 


•  Low  Collector-Emitter  Saturation  Voltage  — 

VCE(sat)     =  0.75  Vdc®  lC=  10  Adc     -  2N3719.2N3720 
=  0.75  Vdc  @IC  =  1.5  Adc     -  2N3867.2N3868, 
2N6303 

•  High  Current-Gain  -  Bandwidth  Product  - 

fj  =  90MHz  (Typ) 

•  2N3867  JAN  and  2N3868  JAN  also  Available 


3  AMPERE 


POWER  TRANSISTORS 
PIMP  SILICON 

40,60,80  VOLTS 
6  WATTS 


'MAXIMUM  RATINGS 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 


Base  Current 


Total  Device  Dissipation  @  Tq  =  25  C 
Derate  above  25°C 


Total  Device  Dissipation  @  TA  =  25  C 
Derate  above  25°C 


Operating  and  Storage  . 
Temperature  Range 


VCB 


2N3719 
2N3867 


2N3720 
2N3868 


-  4  .0  - 
—- 


-  1.0  - 

-5.71- 


Watts 
mW/°C 


Wail 

mW/°C 





THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

-jc 

29 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

«JA 

1  75 

°C/W 

■Indicates  JEDEC  Registered  Data 

FIGURE  1  -  POWER  DERATING 


|  5.0 
< 

|  4.0 
a 

cc  3.0 
S 

S  2.0 

Q 
£X 

l.O 
0 


25  5 

0         75        100        125  1! 

0         175  20 

Tr,  CASE  TEMPERATURE  (°C) 


STYLE  1 : 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0  335 

C 

6.10 

6.60 

0.240 

0.260 

0 

0.4O6 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.003 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

5.08  BSC 

0.201 

BSC 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.734 

1.14 

0.029 

0.045 

K 

38.10 

1.500 

L 

6  35 

0.250  |  - 

M 

45°  BSC 

45°  BSC 

I 

2.54  BSC 

0  100  BSC 

P 

1 .27 

0.050 

R 

2.54 

0.100 

S 

0.179 

0.007 

All  JEDEC  dimensions  and  notes  ai 
CASE  31-03 
TO-5 
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2N37 1 9,  2N3720,  2N3867,  2N3868,  2N6303 


•ELECTRICAL  CHARACTERISTICS  <TC  =  25°C  unless  otherwise  noted) 

Charactwistic  |        Symbol  Min  M»»  Unit 


OFF  CHARACTERISTICS  


Collector-Emitter  Sustaining  Voltage  (1) 

vCEO(sus) 

Vdc 

(lc  =  20  mAdc.  1 B  =  0)  2N3867 

2N3868 
2N6303 

40 

60 
80 

Collector-Base  Breakdown  Voltage 

(lC=  100|iAdc.  IE  =  0>  2N3867 

BVCB0 

40 

Vdc 

2N3868 
2N6303 

60 
80 

Emitter-Base  Breakdown  Voltage 
(lE«100»iAdc,  IC  =  0) 

BVEB0 

Vdc 

4.0 

Collector  Cutoff  Current 

ICEX 

uAdc 

(VCE  =  Rated  VCB.  VBE(off)  '  2.0  Vdc) 

1.0 

Collector  Cutoff  Current 
<VCB  -  Rated  VCB.  IE  =  0.  Tc  =  150°CI 

'CBO 

150 

MAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

<IC  •  500  mAdc.  VCE  =  1.0  Vdc)  2N3867 

2N3868.  2N6303 

(lC  =  1  5  Adc.  VCE  =  2.0  Vdc)  2N3867 

50 
35 
40 

200 

2N3868.  2N6303 

(lC=2.5Adc.  VCE-3.0Vdc)  2N3867 

2N3868.  2N6303 

<IC  =  3.0  Adc.  VCE  =  5.0  Vdc)  2N3867 

30 
25 
20 

150 

_ 

20 

- 

2N3868,  2N6303 

Collector-Emitter  Saturation  Voltage 
(lC  ■  500  mAdc,  lg  -  50  mAdc) 
(lc=  15  Adc,  lB  -  150  mAdc) 
(lC  =  2.5  Adc.  IB  »  250  mAdc) 

vCE(sat) 

0.5 
0.75 
1.3 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC  =  500  mAdc.  Ig  =  50  mAdc) 
(lc  =  1.5  Adc.  Ig  =  150  mAdc) 

VBE(sat) 

1.0 
1.4 

Vdc 

0.9 

<IC  -  2.5  Adc,  Ig  =  250  mAdc) 

2.0 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product  (2) 

(lc  =  100  mAdc,  VCE  =  5.0  Vdc,  ftest  =  20  MHz) 

'T 

60 

MHz 

Output  Capacitance 
(VCB  =  10  Vdc.  IE  =  0.  f  =  0.1  MHz) 

cob 

120 

pF 

Input  Capacitance 
(VEg  =  3.0Vdc,  lC  =  0.  f=0.1  MHz) 

Cib 

1000 

pF 

SWITCHING  CHARACTERISTICS 

Delay  Time 

(VCC  =  30  Vdc,  VBE|off)  -0. 
IC=  1.5  Adc.  IB1  =  150  mAdc) 

»d 

35 

ns 

Rise  Time 

<r 

65 

ns 

Storage  Time 

(Vcc  =  30Vdc,  lc=  1.5  Adc, 

«s 

325 

ns 

Fall  Time 

'B1  =  'B2  =  150  mAdc) 

tf 

75 

ns 

'Indicates  JEDEC  Registered  Data 

(1 )  Pulse  Test:  Pulse  Width  <s  300  (is.  Duty  Cycle  *t  2.0%. 

(2)  fT-  |hfe|.,test. 
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2N3719,  2N3720,  2N3867,  2N3868, 


•ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 

Characteristic  Symbol 

Min  Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 

(lc  -  20mAdc.  IB  =  0)  2N3719 

vCEO(susl 

Vdc 

40 

2N3720 

60 

Collector  Cutoff  Current 

(VCE  =  40  Vdc,  VBE(off)  -  2.0  Vdcl 
(VCE  -  60  Vdc.  VBE(0ff)  "  2.0  Vdcl 

2N3719 
2N3720 

!CEX 

10 
10 

^Adc 

( VCE  =  40  Vdc,  VBE (0ff )  =  2.0  Vdc,  Tc  =  1 50°CI  2N3719 
(VCE  -  60  Vdc,  VBE(off )  =  2.0  Vdc,  TC  =  1 50°C)  2N3720 

1.0 
1.0 

mAdc 

Collector  Cutoff  Current 
(VCB  -  40  Vdc,  lE  =  0) 

2N3719 

!CBO 

10 

fiAdc 

(VCB  -  60  Vdc,  lE  -  0) 

2N3720 

10 

Emitter  Cutoff  Current 

lEBO 

mAdc 

(VBE  =  4.0  Vdc,  lC  =  01 

1.0 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 
Or  =  500  mAdc,  Vr-F  =  1.5  Vdc) 

"FE 

20 

(lc  -  1.0  Adc,  VCE  =  1.5  Vdc) 

25 

180 

(lc  =  1.0  Adc,  VCE  -  1.5  Vdc.  Tc  -  -40°C) 

15 

Collector-Emitter  Saturation  Voltage 

(lc=  1.0  Adc,  lB  =  lOOmAdc.  Tc  = -40°C  to +100°C] 
(lc  =  3.0  Adc.  IB  =  300  mAdc,  Tc  =  -40°C  to  +100°C) 

VcE(sat) 

- 

0.75 
1.5 

Vdc 

Base-Emitter  Saturation  Voltage 

(lC  =  10  Adc,  lB  -  100  mAdc,  Tc  ■  -40°C  to 
(lC  =  3.0  Adc,  lB  =  300  mAdc,  Tc  =  -40°C  to 

+100°C) 
+100°C) 

vBE(sat) 

1.5 

2.3 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product  (2) 

«T 

MHz 

(lC  -  500  mAdc,  VCE  "  10  Vdc,  ftest  =  30  MHzl 

60 



Output  Capacitance 

(VCB  -  10  Vdc,  lE  =  0.  f  =  0.1  MHz) 

Cob 

120 

PF 

Input  Capacitance 

(VEB  -  0.5  Vdc,  lc  =  0,  f  =  0.1  MHz) 

Cib 

pF 

1000 

SWITCHING  CHARACTERISTICS 

Turn-On  Time 

ton 

ns 

(VCC=  12  Vdc,  VBE(off,  =  0.  IC=  1.0  Adc,  lB1  =  0.1  Adc) 

100 

Turn-Off  Time 

(VCC=  12  Vdc,  lC=  1.0  Adc.  IB1  =  I B2  =  1  CM 

)  mAdcl 

'off 

400 

ns 

•Indicates  JEDEC  Registered  Data 
(1)  Pulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  -  2.0%. 

FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 


(2)  fT  -  Ih,,,  |  .  ftest. 


<r.lf 

DUTY  CYCLE  -  UK 


2N3719 
2N3J20 

m 

vcc 

-12V 

-30V 

BC 

12S2 

19  n 

"B 

icon 

100  S! 

V| 

♦8.0  V 

116  V 

V2 

-11  V 

-16.4  V 

VBB 

^3.0V 

«3.0V 

,  0.07   0.1  0.2     0.3       0.5   0.7  1.0 

IC.  COLLECTOR  CURRENT  (AMP) 
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2N3719,  2N3720,  2N3867,  2N3868,  2N6303 


FIGURE  4  -  THERMAL  RESISTANCE 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  —  Vqe  'imits  of  the 
transistor  that  must  be  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  Figure  5  is  based  on  Tjjp^j  =  200°C;  Tq  is 
variable  depending  on  conditions.  Second  breakdown  pulse 
limits  are  valid  for  duty  cycles  to  10%  provided  Tjip^)^  200IJC. 
Tj(pk}  mav  be  calculated  from  the  data  in  Figure  4.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  c 
be  handled  to  values  less  than  the  limitations  i 
breakdown. 


VcE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCE 
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< 
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10  L 

0.1 


5°C- 

IJ 

■  I 

-( 

i 

-- 
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2N3719,  2N3720,  2N3867,  2N3868,  2N6303 


0.03      0.05  0.07  0.1 


0.2     0.3       0.5   0.7    1.0  2.0  3.0 


IC.  COLLECTOR  CURRENT  (AMPI 


FIGURE  9  -  COLLECTOR  ! 
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FIGURE  10  -  "ON"  VOLTAGES 


FIGURE  11  —  TEMPERATURE  COEFFICIENTS 
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FIGURE  12  -  COLLECTOR  CUT-OFF  REGION 
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2N3738,  2N3739  NPN 

2N6424, 2N6425  PNP  (g)  M<m>ROLA 


HIGH  VOLTAGE  COMPLEMENTARY  SI  LI 
POWER  TRANSISTORS 


.  .  .  designed  for  high-speed  switching,  linear  amplifier  applications, 
high  voltage  operational  amplifiers,  switching  regulators,  converters, 
inverters,  deflection  stages  and  high  fidelity  amplifiers. 

•  Collector-Emitter  Sustaining  Voltage  - 

vCEO(sus)  =  225  Vdc  @  \q  =  5.0  mAdc  (2N3738,  2N6424) 
=  300  Vdc  @  lc  =  5.0  mAdc  (2N3739,  2N6425) 

•  DC  Current  Gain  - 

hpE  =  40-200  @  lc  =  100  mAdc 

•  Current-Gain  -  Bandwidth  Product  — 

fT  =  10  MHz  (Min)  <s>  lC  =  100  mAdc 

•  Is  h  Rated  to  2.0  Amperes 


1.0  AMPERE 


POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

225,  300  VOLTS 
20  WATTS 


•MAXIMUM  RATINGS 


Rating 

Symbol 

2N3738 
2N6424 

2M3739 
2N6425 

Unit 

Collector  Emitter  Voltage 

VCEO 

225 

300 

Vdc 

Collector-Base  Voltage 

VCB 

250 

325 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous 
-  Peak 

ic 

1.0  i 
20 

Adc 

Base  Current  -  Continuous 

uj 

0.50 

Adc 

-  Peak 

1.0 

Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

PD 

20 
0.133 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-Tstg 

-65  to  +  200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Umt 

Thermal  Resistance.  Junction  to  Case 

"»jc 

7.5 

°c/w 

•Indicates  JEDEC  Registered  Data 


POWER  DERATING  FACTOR  {%) 

FIGURE  1  -  POWER  DERATING 

10 

I 

25  5 

J        75  11 
TC,  CASE  TEM 

0  1. 
PERATU 

5  15 

RE  TO 

o  r 

5  2C 

SEATING  PLANE 


STYLE  I : 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIh 

IETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.34 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0  034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0  590 

K 

S  14 

0.360 

P 

1.27 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

8.89 

0.350 

T 

3.68 

0  145 

II 

15.76 

1)  620 

All  JEDEC  Dimensions  and  and  Nates  Apply. 

CASE  80  02 
T066 
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2N3738,  2N3739  NPN/2N6424,2N6425  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C 


•OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  11) 

(lC  -  5.0  mAdc,  I B  -  0)                                      2N3738,  2N6424 

2N3739,  2N6425 

VcEOIsus) 

226 
300 

Vdc 

Collector-Emitter  Cutoff  Current 

(VCE  -  125  Vdc,  l8  =  0)                                     2N3738,  2N6424 
<VCE-200Vdc,  lB  =  0)                                     2N3739,  2N6425 

ICEO 

— 

0.25 
0.25 

mAdc 

Collector-Base  Cutoff  Current 

<VCB  =  250Vdc,  lE  =  0)                                     2N3738,  2N6424 
(VCB  =  325  Vdc.  IE«0)                                     2N3739,  2N6425 

ICBO 

0.1 
0.1 

mAdc 

Collector  Cutoff  Current 

(VCE  -  250  Vdc.  VEB(off|  -  1.5  Vdc)                  2N3738,  2N6424 
(VCE  -  300  Vdc,  VEB(off)  =  1.5  Vdc)                  2N3739,  2N6425 
(VCE«  125Vdc,VEB(o„|  =  1.5Vdc,Tc=100°C)  2N3738,  2N6424 
(VCE  =  200  Vdc,  VEB(off)  =  1.5  Vdc.Tc=  100°C)  2N3739,  2N6425 

'CEV 

0.5 
0.5 
1.0 
1.0 

mAdc 

Emitter-Base  Cutoff  Current 
(VEB  -  6.0  Vdc) 

l£BO 



0.1 

mAdc 

•ON  CHARACTERISTICS 

DC  Current  Gain  11) 

hFE 

_ 

(lc  =  50  mAdc,  VCE  =  10  Vdc) 
(lc=  100  mAdc,  VCE=  10Vdcl 
(lC  =  250  mAdc,  VCE=  10  Vdc) 

30 
40 

25 

200 

Collector-Emitter  Saturation  Voltage  (1) 
(lC  =  250  mAdc,  lB  -  25  mAdc) 

vCE(sat> 

- 

2.5 

Vdc 

Base-Emitter  "ON"  Voltage  (1) 
(lc«  100  mAdc,  VCE«10Vdc) 

VBE(on) 

to 

Vdc 

 1 

Current-Gain  -  Bandwidth  Product  (2) 

<t 

MHz 

(IC  -  100  mAdc,  VCE  ■=  10  Vdc,  f  -  10  MHz) 

10 

"Output  Capacitance 

(VCB  -  100  Vdc,  lE  -  0,  f  =  100  kHz) 

cob 

pF 

20 

•Small-Signal  Current  Gain 

hfe 



_ 

<lc  =  100  mAdc,  VCE  -  20  Vdc,  f  -  1.0  kHz) 

35 

l  

I  



"Indicates  JEDEC  Registered  Data 
(11  Pulse  Test:  Pulse  Width  <300  us,  Duty  Cycle  <2%. 
(2)  fj  =  I  hfe  I  •  frequency 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 

D1  Must  Be  Fast  Recovery  Type,  e.g. 
MBD5300  Used  Above  lB  =  100  mA 
MSD6100  Used  Belo. 


V1 


i/2 

9.0  \ 

t„  t,    £10  ns 
Duty  Cycle  -  1.0*  _4.0  V 

RB  and  Rc  Varied  to  Obtain  Desired  Current  Levels 

For  ta  and  tr,  Ol  is  disconnected  and  V2  =  0 
For  PNP  test  circuit,  reverse  diode  and  voltage  polarities. 
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2N3738,  2N3739  NPN/2N6424,  2N6425  PNP 


FIGURE  3  -  THERMAL  RESPONSE 


ACTIVE-REGION  SAFE  OPERATING  AREA 


FIGURE  4  -  2N3738,  2N3739 
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FIGURE  5 


Tc  =  25°C 
-BONDING  WIRE  LIMITED 
-  THERMALLY  LIMITED 

(SINGLE  PULSE) 
-SECOND  BREAKDOWN  LIMITED 

CURVES  APPLY  BELOW  RATED  VqeO 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Irj  -  Vqe  limits  of  the  transistor 
that  must  be  observed  for  re  liable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  .Figures  4  and  5  is  based  on  Tq  =  25°C;  Tj(p[<)  is 
variable  depending  on  power  level.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(p(<)  <  175°C.  Tjflpk) 
may  be  calculated  from  the  data  in  Figure  3.  At  high  case  temp- 
eratures, thermal  limitations  will  reduce  the  power  that  can  be 
handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown.  Second  breakdown  limitations  do  not  derate  the  same 
as  thermal  limitations.  Allowable  current  at  the  voltages  shown 
on  Figures  4  and  5  may  be  found  at  any  case  temperature  by 
using  the  appropriate  curve  on  Figure  1 . 
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2N3738,  2N3739  NPN/2N6424,2N6425  PNP 


NPN 

2N3738.  2N3739 


PNP 

2N6424, 


I 

FIGURE  6  —  DC  CURRENT  GAIN 
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FIGURE  7  -  COLLECTOR  SATURATION  REGION 
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® 


2N3740.A 
A 


MEDIUM-POWER  PNP  TRANSISTORS 


.  .  .  ideal  for  use  as  drivers,  switches  and  medium-power  amplifier 
applications.  These  devices  feature: 

•  Low  Saturation  Voltage  -  0.6  VcE(sat)  ®  'C  =  1.0  Amp 

•  High  Gain  Characteristics  -  hFE@  'C  =  250  mA:  30-100 

•  Excellent  Safe  Area  Limits  (See  Figure  2) 

•  Low  Collector  Cutoff  Current  — 

100  nA  (Max)  2N3740A,  2N3741A 

•  Complementary  to  NPN  2N3766  (2N3740)  and  2N3767  (2N3741I 


♦MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Emitter-Base  Voltage 


Collector-Base  Voltage 


Collector  Current  -  Continuous 
  -Peak  (Note  11 


Total  Device  Dissipation  @TC  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


VEB 


VCB 


ic 


PD 


Tj.TS,g 


2N3740 
2N3740A 


2N3741 
2N3741A 


4.0 
10 


25 
0.143 


Watts 
W/°C 


°C 


Note  1 :  See  Figura  2 

FIGURE  1  -  POWER-TEMPERATURE  DERATING  CURVE 


I" 
z 

i  io 


76  100  125 

TC'  TEMPERATURE  (°C) 


150 


Safe  Area  Curves  are  indicated  by  Figure  2. 
Both  limitt  are  applicable  and  must  be  observed. 


'Indicates  JED  EC 


POWER  TRANSISTORS 
PNP  SILICON 

60  -  80  VOLTS 
25  WATTS 





p 

 U  

C 

m 

H 

SEATING  PLANE 

i 

K 

STYLE  1 : 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


G 


S 


DIM 

MILLIft 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

241 

2.67 

0.095 

0.105 

J 

14.48 

14.99  . 

0.570 

0.590 

K 

9.14 

0360 

P 

1.27 

0.050 

0 

3.61 

3.86 

0.142 

0.152 

s 

8.89 

0.350 

T 

3.68 

0.145 

U 

15.75 

0.620 

All  JE0EC  Dimensions  and  and  Notes  Apply. 

CASE  80-02 

(TO-66) 
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,  A,  2N3741,  A 


'ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


j     Mm  | 


nit  | 


Characteristic 


Symbol 


Collector-Emitter  Sustaining  Voltage  ® 
(lC  =  100  mAdc,  lB  =  0>                                          2N3740,  2N3740A 

2N3741,  2N3741A 

vCE0(sus)® 

60 
80 

- 

Vdc 

FmittPr  Raw  f.utnff  Current 

'EBO 

IVEB  -  7.0  VrJcl 

2N3740.  2N3741 
2N3740A.  2N3741A 

0.5 
100 

mAdc 
nAdc 

Collector  Cutoff  Current 

(VCE  -  60  Vdc.  VBE(offl  =  1.5  Vdc) 

(VCE  =  80  Vdc.  VBE(off)  =  1.5  Vdcl 

( VCE  =  40  Vdc.  VBE(oft)  =  1.5  Vdc.  Tc  = 

( VCE  -  60  Vdc.  VBE  (offl  =  1  5  Vdc.  TC  = 

1! 
It 

2N3740 

l^T 

2N3741A 
>0°CI  2N3740 

2N3740A 
0°C)  2N3741 

2N3741A 

iCEX 

- 

100 
100 

100 
100 
1.0 
0.5 
1.0 
0.5 

«Adc 
nAdc 

nAdc 
mAdc 

mAdc 

(VCE  =  40Vdc,  lB  =  0) 
(VCE  =  60Vdc.  IB  =  0) 

2N3740 
2N3740A 
2N3741 
2N3741A 

ICEO 

1.0 
1.0 
1.0 
1.0 

mAdc 
uAdc 
mAdc 
pAdc 

Collector  Base  Cutoff  Current 
(VCB-60Vdc,  lE=0) 

(VCB  =  80  Vdc,  lE=0) 

2N3740 
2N3740A 
2N3741 
2N3741A 

ICBO 

100 
100 
100 
100 

juAdc 
nAdc 
MAdc 
nAdc 

ON  CHARACTERISTICS 


DC  Current  Gain 
(lc  -  100  mAdc,  VCE  -  1.0  Vdc) 
(lC  =  250  mAdc,  VCE  =  1 .0  Vdcl 
(lC  -  500  mAdc,  VCE  "  1.0  Vdcl 
IIC  =  1.0  Adc.  VCE  =  1 .0  Vdc) 


hFE© 


40 
30 
20 
10 


Collector-Emitter  Saturation  Voltage 
(lc  =  1.0  Adc,  lB  =  125  mAdc) 


vCE(sat)© 


Base-Emitter  Voltage 
(lC  =  250  mAdc,  VCE  =  1.0  Vdc) 





VBE© 

— 


1.0 


Vdc 


TRANSIENT 


CHARACTER 


ISTICS 





Current-Gain-Bandwidth  Product 
(lC  =  100  mAdc.  VCE  =  10  Vdc.  f  =  1.0  MHz) 





3.0 
4.0* 


Common  Base  Output  Capacitance 

(VCB  =  10  Vdc,  lc  -  0,  f  =  100  kHz) 
Small-Signal  Current  Gain 
(lc  "  50  mAdc.  VCE  "  10  Vdc.  f  =  1.0  kHz) 




Coh 


100 


pF 


"Indicates  JEDEC  Registered  Data. 

t  Motorola  guarantees  this  value  in  addition  to  the  JEDEC 
®  Pulse  Test:  Pulse  Width  £300  lis,  Duty  Cycle  £2.0%. 

FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 
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■  SECONDARY B 

EA 

<DC 

W 

1  LI 

1 

TATION 

— 

-  THERMAL  LIMITATION 

1  1  1 

-IN 

-  SI 

SE-EVITTER  DISSIPATION  IS 



LIMIT  KOR: 

SNIFICANT  ABOVE  lc  -  2. 
LSE  DUTY  CYCLE  ^  10% 

II     1    1   1  1  1 

MP)  - 

2N3740  ,A= 
2N3741  A  

-PL 

1 

1 

1.0 


2.0 


3.0      5.0   7.0    10  20  30 

Vc(,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


50    70  100 


The  Safe  Operating  Area  Curves  indicate  Iq  —  Vqe  limits  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 
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2N3740,  A,  2N3741,A 


_  1.8 
g  1.6 


S 

I  " 
g  0.8 

%  0.4 

0.2 
0 


100  200 
lc.  COLLECTOR  CURRENT  (mA) 

SATURATION  REGION  CHARACTERISTICS 
FIGURE  4  -  COLLECTOR  SATURATION  REGION 
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FIGURE  5  -  "ON"  VOLTAGES 


FIGURE  6  -  TEMPERATURE  COEFFICIENTS 
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To  compute  saturation  voltages: 
V-(„()  ©operating  Tj  -  V_|„„  @  +25°C  +  i9v_  (operating  Tj  -25°C) 
Use  appropriate  #v  for  voltage  of  interest. 
Use  appropriate  curve  for  temperature  range  of  interest. 
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lc.  COLLECTOR  CURRENT  (mA) 
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2N3766 
2N3767 


® 


.A 


MEDIUM-POWER  NPN  SILICON 

.  .  .  for  use  in  driver  circuits,  switching, 
and  medium-power-amplifiers  applica- 
tions. These  high  performance  devices 
feature: 


•  Low  Saturation  Voltage  —  1.0  VCE1„,,  @  lc  =  500  mA 

•  High  Gain  Characteristics  —  h«  =  40-160  @  lc  =  500  mA 

•  Packaged  in  the  Compact,  High-Efficiency  TO-66  Case 

•  Complementary  to  PNP  2N3740  (2N3766)  and  2N3741 
(2N3767) 


4  AMPERE 
POWER  TRANSISTORS 


MAXIMUM  RATINGS 


Rating 

Symbol 

2N3766 

2N3767 

Unit 

Collector- Emitter  Voltage 

VCEO 

60 

so 

Vdc 

Collector-Base  Voltage 

VCB 

80 

100 

Vdc 

Emitter-Base  Voltage 

V 

"eb 

6.0 

Vdc 

Collector  Current 

*c 

4.0 

Adc 

Base  Current 

% 

2.0 

Adc 

Total  Device  Dissipation  @  Tc  -  25°C 
Derate  above  25°C 

PD 

20 
0.133 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj,Tstg 

-65  to +200 

°C 

1  1 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

8JC 

7.5 

°C/W 

FIGURE  1  -  POWER-TEMPERATURE  DERATIN 

G  CURVE 





1  

0  25  50 

Tc,  CASE  TEMPERATURE  l°C) 
Safe  Area  Curves  are  indicated  by  Figure  2.  Both  limits  are  applicable  and 


must  be  observed. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.S4 

0  250 

0.340 

0 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0382 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

0.360 

P 

1.27 

0.050 

0 

3.61 

3.86 

0.142 

0.152 

S 

8.8S 

0.350 

T 

3.68 

0.145 

U 

15.75 

0.620 

All  JEDEC  Dimensions  and  and  Notes  Apply. 

CASE  80-02 
T066 
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2N3766.  2N3767 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25'C  unless  otherwise  noted) 

 ,  ;  


OFF  CHARACTERISTICS 


Characteristic 




Symbol  Min 

 1  


Unit 


Collector-Emitter  Voltage  1 1 1 
Oc  -  100  mAdc,  1B  -  0) 





2N3766 
2N3767 


Emitter-Base  Cutoff  Current 
<VEB  *  6-  0  Vdc) 


lEBO 


Collector  Cutoff  Current 
(VCE  -  60  Vac,  VBE  =  1.5  Vac) 
(VrP  =  100  Vdc,  VBE  -   1.5  Vac) 


VCE  " 
<VCE- 


50  Vdc, 
70  Vdc, 


BE 


-  1.5  Vdc, 

-  1.5  Vdc, 


150°C) 
150°C) 


2N3766 
2N3767 

2N3766 
2N3767 


"CEX 


Collector-Emitter  Cutoff  Current 
(VCE  -  60  Vdc,  1B  -  0) 

(VCE  -  80  Vdc,  IB  J  0) 


2N3766 
2N3767 


!CEO 


Collector-Base  Cutoff  Current 
(VCB  -  80  Vdc,  IE  -  0) 

(VCB  -  100  Vdc,  IE  J  0) 


ON  CHARACTERISTICS 


2N3766 
2N3767 


"CBO 


— 


DC  Current  Gain 
(Ifj  =  50  mAdc,  VC£  -  5.0  Vdc) 

(Ic  =  500  mAdc,  Vce  -5.0  Vdc) 

(Ic  =  1.0  Adc,  VCE  =  10  Vdc) 

hFE 

30 
40 

20 

160 

Collector- Emitter  Saturation  Voltage 
=1.0  Adc,  IB  =  0. 1  Adc) 

(Ic  =  500  mAdc,  IB  =  50  mAdc) 

VCE(sat) 

2.5 
1.0 

Vdc 

Base- Emitter  Voltage 
(Ic  =  l.O  Adc,  VCE  =  10  Vdc) 

i 

_ 

1.5 

Vdc 

TRANSIENT  CHARACTERISTICS 


Current-Gain  -  Bandwidth  Product 
(lc  =  500  mAdc,  VC£  =  10  Vdc,  f  =  10  MHz) 


10  — 


Common- Base  Output  Capacitance 
(VCB  =  10  Vdc-  *C  =  0  Adc-  *  =  100  kHz' 


Small-Signal  Current  Gain 
(lc  -  100  mAdc,  VCE  =  10  Vdc,  f  =  1.0  kHz) 


:  Pulse  Width  <300;is,  Duty  Cycle  <2. 0%. 


FIGURE  2  -  ACTIVE  REGION  SAFE  AREAS 


0.06 
0.04 


■  2N3766  - 
AND 

■  500 

/o/ 

1 

u  ms  - 

2N3767  — 
ONLY 

5.0  ms-^ 



10 


20 


30  40  50 

VC£.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


The  Safe  Operating  Area  Curves  indicate 
Ic-Vce  limits  below  which  the  device  will  not 
go  into  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall 
within  the  applicable  Safe  Area  to  avoid 
causing  a  collector-emitter  short.  (Case 
temperature  and  duty  cycle  of  the  excur- 
sions make  no  significant  change  in  these 
safe  areas.)  The  load  line  may  exceed  the 
BVcto voltage  limit  only  if  the  collector  cur- 
rent has  been  reduced  to  20  mA  or  less  be- 
fore or  at  the  BVces  limit;  then  and  only  then 
may  the  load  line  be  extended  to  the  abso- 
lute maximum  voltage  rating  of  BVcbo.  To 
insure  operation  below  the  maximum  Tj, 
the  power-temperature  derating  curve  must 
be  observed  for  both  steady  state  and  pulse 
power  conditions. 
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2N3766,  2N3767 
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2N3766,  2N3767 


FIGURE  7  -  CURRENT  GAIN 


FIGURE  8  -  COLLECTOR  SATURATION  REGION 


0.5 


0.7  1.0 


c  =  500mA 

-     U  «  100  m*  • 

—  1 

i 

Tj 

-  +25°C 

I,.  B»S£  CURRENT  Ml 


FIGURE  9  —  "ON  "VOLTAGES 


FIGURE  10  -  TEMPERATURE  COEFFICIENTS 


1  1  1 1 

J  — 
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• 

1 

i 

a 

•c 
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- 
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■ 

■  10 

20     30       50         100         200     300     500  1000 
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2N6257 


® 


HIGH  POWER  NPN  SILICON  POWER  TRANSISTORS 


.  .  .  designed  for  linear  amplifiers,  serif 
switching  applications. 


Forward  Biased  Second  Breakdown  Current  Capability 

IS/b  "  3.75  Adc  @  VcE  "  40  Vdc  -  2N3771 
=  2.5  Adc  @  VcE  -  60  Vdc  -  2N3772 
=  3.75  Adc  @  VCE  =  40  Vdc  -  2N6257 


•Indicates  JEDEC  Registered  Data 


FIGURE  1  -  POWER  DERATING 


I 


200 
175 
150 
125 
100 
75 
50 
25 


100  125 
TC.CASE  TEMPERATURE  (°CI 


150     I  5 


20  and  30  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 


'N  SILICON 

and  60  VOLTS 
150  WATTS 


•MAXIMUM  RATINGS 

Rating 

Symbol 

2N3771 

2N3772 

2N6257 

Unit 

Collector-Emitter  Voltage 

vCEO 

40 

60 

40 

Vdc 

Collector-Emitter  Voltage 

VCEX 

50 

80 

50 

Vdc 

Collector-Base  Voltage 

VCB 

50 

100 

50 

Vdc 

Emitter-Base  Voltage 

Veb 

5.0 

7.0 

5.0 

Vdc 

Collector  Current  -  Continuous 

'c 

30 

20 

20 

Adc 

Peak 

30 

30 

30 

Base  Current  —  Continuous 
Peak 

'B 

7.5 
15 

5.0 
15 

5.0 
15 

Adc 

Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

Pd 

150 
0.855 

Watts 
W/°C 

Operating  and  Storage  Junction 

Tj,  Tstg 

65  to  +200 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

2N3771,  2N3772,  2IM6257 

Unit 

Thermal  Resistance,  Junction  to  Case 

8JC 

1.17 

°c/w 

— 


I 

—  A  — 

I-  M 

C 

E  ! 

1 — j 

EATING 

— — -  D 

K 

t 

STYLE  l: 
PIN  1.  BASE 
2.  EMITTER 


CASE:  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

G.35 

7.62 

0.250 

0.300 

0 

0.99 

1,09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0  270 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0,440 

0.480 

Q 

3.84 

4.09 

0,151 

0.161 

R 

-'6  8" 

1.050 

Collector  connected  [o  case 
CASE  11-01 
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2N3771,2N3772,  2N6257 


ELECTRICAL  CHARACTERISTICS  (Tc  -  2S°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

'Collector-Emitter  Sustaining  Voltage  (1) 

2N3771 

VceO(sus) 

40 

Vdc 

(IC-b.2  Adc.  IB  =  0) 

2N3772 
2N6257 

60 
40 

_ 

- 

Collector-Emitter  Sustaining  Voltage 

2N3771 

vCEX(sus) 

50 

- 

Vdc 

(lC  =  0.2  Adc,  VEB(off)  -  1 .5  Vdc,  RBE  »  100  Ohms) 

2N3772 
2N6257 

80 

50 

Collector-Emitter  Sustaining  Voltage 

2N3771 

vCER(sus) 

45 

_ 

Vdc 

(lC  '0.2  Adc,  Rbe  =  100  Ohms) 

2N3772 
2N6257 

70 
45 

- 

'Collector  Cutoff  Current 

'CEO 

mAdc 

(Vce  =  30  Vdc,  lB  =  0) 

2N3771 

10 

(VCE=.50Vdc.  lB-0) 

2N3772 

10 

(VCE  =  25  Vdc,  lB  =  0) 

2N6527 

10 

•Collector  Cutoff  Current 

ICEV 

mAdc 

(VCE  -  50  Vdc,  VEB(off)  =  1 .5  Vdc) 

2N3771 

2.0 

(VCE  "  1°0  Vdc,  VEB(off)  -  1 .5  Vdc) 

2N3772 

5.0 

(VCE-45  Vdc.VEB(off)  =  1.5  Vdc) 

2N6257 

4.0 

(VCE  -  30  Vdc,  VEB(off)  =  1 .5  Vdc,  Tc  -  150°C) 

2N3771 
2N3772 

10 
10 

(VCE  =  45  Vdc,  VEB(0ff)  =  1 .5  Vdc,  TC  =  150°C) 

2N6527 

20 

'Collector  Cutoff  Current 

ICBO 

mAdc 

(VCB  =  50  Vdc.  IE=0) 

2N3771 
2N6257 

2.0 
4.0 

(VCB  =  100  Vdc,  lE  -  0) 

2N3772 

5.0 

•Emitter  Cutoff  Current 

'ebo 

mAdc 

(VBE  -  5.0  Vdc,  lc  -0) 

2N3771 
2N6257 

5.0 
10 

(VBE  »  7.0  Vdc,  lc  -  0) 

2N3772 

5.0 

•ON  CHARACTERISTICS 

DC  Current  Gain  (1) 

"FE 

(lc»15Adc,  VCE-4.0  Vdc) 

2N3771 

15 

60 

(lc  *"  10  Adc,  VCE  "  4  0  Vdc) 

2N3772 

15 

60 

(lC  -  8.0  Adc,  VCE  -  4.0  Vdc) 

2N6257 

15 

75 

(lC  =  30  Adc,  VCE  =  4.0  Vdc) 

2N3771 

5.0 

(lC  ■  20  Adc,  Vce  -  4.0  Vdc) 

2N3772 
2N6257 

5.0 
5.0 

Collector-Emitter  Saturation  Voltage 
(lC  "  15  Adc,  lB  =  1.5  Adc) 

2N3771 

vCE(sat) 

2.0 

Vdc 

(lC  -  10  Adc,  lB  =  1.0  Adc) 

2IW772 

1.4 

(lC  =  8.0  Adc,  lB  =  0.8  Adc) 

2N6257 

1.5 

(lc  -  30  Adc,  lB  =  6.0  Adc) 

2N3771 

4.0 

(lc  -  20  Adc,  lB  -  4.0  Adc) 

2N3772 
2N6257 

4.0 
4.0 

Base-Emitter  On  Voltage 

(lc  T  15  Adc,  VCe  =  4.0  Vdc) 

2N3771 

vBE(on) 

2.7 

Vdc 

(lc  -  10  Adc,  VCE  -4.0  Vdc) 

2N3772 

2.2 

(lC  -  8.0  Adc,  VCE  -  4.0  Vdc) 

2IM6257 

2.2 

•DYNAMIC  CHARACTERISTICS 

Current-Gain— Bandwidth  Product 

'T 

0.2 

MHz 

(lC  -  1  0  Adc,  VCE  -  4.0  Vdc,  ftest  =  50  kHz) 

Small-Signal  Current  Gain 

(lc  =  1  0  Adc,  VCE  =  4.0  Vdc,  f  =  1 .0  kHz) 

hfe 

40 

SECOND  BREAKDOWN 

Second  Breakdown  Energy  with  Base  Forward  Biased, 

ls/b 

Adc 

t  =  1.0  s  (non-repetitive) 

(VCE  =  40  Vdc) 

2N3771 

3.75 

(VCE  =  60  Vdc) 

2N6257 
2N3772 

3.75 
2.5 

'Indicates  JEDEC  Registered  Data 

(1 )  Pulse  Test:  300  ms.  Rep.  Rate  60  cps. 
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2N3771,2N3772,2N6257 


-  THERMAL  RESPONSE 


0.05        0.1         0.2  0.5  1.0 


50 

I.  TIME  (mil 


ACTIVE-REGION  SAFE  OPERATING  AREA  -  2N3771.  2N3772,  2N6257 


2.0    3.0      5.0   7.0    10  20  30 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  VfjE  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  tran- 
sistor must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

Figure  3  is  based  upon  JEDEC  registered  Data.  Second  break- 
down pulse  limits  are  valid  for  duty  cycles  to  10%  provided 
TJ(pk)  ^  200°C.  Tj{pk)  may  be  calculated  from  the  data  of 
Figure  2.  Using  data  of  Figure  2  and  the  pulse  power  limits  of 
Figure  3,  Tjjp^j  will  be  found  to  be  less  than  Tj(maxj  for  pulse 
widths  of  1  ms  and  less.  When  using  Motorola  transistors,  it  is 
permissible  to  increase  the  pulse  power  limits  until  limited  by 
Tj(max)- 


FIGURE  4 


-  SWITCHING  TIME  TEST  CIRCUIT 

vcc 

♦30  V 


25  us 


9.0  V   ( 


Ij.tfSlOnt 
OUTY  CYCLE  '  1.0% 


RfJ  AND  Rc  ARE  VARIED  TO.  OBTAIN  DESIRED  CURRENT  LEVELS 
D]  MUST  BE  FAST  RECOVERY  TYPE,  eg: 
MBD5300  USED  ABOVE  IB  »100  r.A 
MS06100  USED  BELOW  IB  »100mA 


lC.  COLLECTOR  CURRENT  (AMP) 
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2N3771,2N3772,  2N6257 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCE 


100 
50 

20 

10 

s 

5.0 

■ 

2.0 

1.0 

0.5 

0.2 

0  1 

VCC»30V 
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-  >B1  =  '82 

Tj  ■  25°C 
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FIGURE  8  —  DC  CURRENT  GAIN 
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VH.  REVERSE  VOLTAGE (VOLTSI 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 
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■ 


NPN  PNP 

2N3773  2N6609 


® 


COMPLEMENTARY  SILICON  POWER  TRANSISTORS 

The  2N3773  and  2N6609  are  PowerBase  power  transistors  de- 
signed for  high  power  audio,  disk  head  positioners  and  other  linear 
applications.  These  devices  can  also  be  used  in  power  switching  cir- 
cuits such  as  relay  or  solenoid  drivers,  dc  to  dc  converters  or  inverters. 


•  High  Safe  Operating  Area  (100%  Tested) 

150W@100  V 

•  Completely  Characterized  for  Linear  Operation 

•  High  DC  Current  Gain  and  Low 
hfe  =  15(Min)@8A,4  V 
vCE,sat)  =  1.4  V  (Max) 


16  AMPERE 
COMPLEMENTARY 
POWER  TRANSISTORS 

140  VOLTS 
150  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector  Emitter  Voltage 

VCE0 

140 

Vdc 

Collector-Emitter  Voltage 

VCEX 

160 

Vdc 

Collector-Base  Voltage 

VCBO 

160 

Vdc 

Emitter-Base  Voltage 

VEBO 

7 

Vdc 

Collector  Current  —  Continuous 

ic 

16 

Adc 

-  Peak  11) 

30 

Base  Current  -  Continuous 

IB 

4 

Adc 

-  Peak  (1) 

15 

Total  Power  Dissipation  @  Tq  =  25°C 

PD 

150 

Watts 

Derate  above  25°C 

0.855 

W/°C 

Operating  and  Storage  Junction 

TJ.  Tstg 

-65  to  +200 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"ejc 

1.17 

°C/W 

'Indicates  JEDEC  Registered  Data 
(1)  Pulse  Test:  Pulse  Width  =  5ms,  Duty  Cycle  <  10%. 


STYLE  1: 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MtN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

26.67 

1.050 

Collector  connected  to  case. 
CASE  11-01 
(TO-3I 
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2N3773  NPN/2N6609  PNP 


ELECTRICAL  CHARACTERISTICS  <TC  -  25°C  unless  otherwise  noted.) 


OFF  CHARACTERISTICS  (1) 


Unit 


•Collector-Emitter  Breakdown  Voltage 
llc  "0.2  Adc,  lB  =0) 

vCEO(sus) 

140 

Vdc 

'Collector-Emitter  Sustaining  Voltage 

(lC  -  0.1  Adc,  VBE(off)  "  15  vdc'  RBE  =  100  Ohms) 

VcEX(sus) 

160 

Vdc 

Collector-Emitter  Sustaining  Voltage 
llc  "  0.2  Adc.  RBE  -  100  Ohms) 

VcERIsus) 

150 

Vdc 

•Collector  Cutoff  Current 
(VCE=120  Vdc.  IB-0I 

ICEO 

10 

mAdc 

•Collector  Cutoff  Current 

(VCE  =  140  Vdc,  VBE(oH)  -  1.5  Vdc) 

(VCE  =  140  Vdc.  VBE(oH|  =  1.5  Vdc.  Tc  -  150°C) 

ICEX 

2 
10 

mAdc 

Collector  Cutoff  Current 
(Vcb  -  140  Vdc,  l£  -  0) 

ICBO 

2 

mAdc 

•Emitter  Cutoff  Current 

(VBE  =  7  Vdc,  IC  =  0) 

'EBO 

5 

mAdc 

ON  CHARACTERISTICS  ID 

DC  Current  Gain 

•(lC  -  8  Adc.  VCE  =  4  Vdc) 
(lC  -  16  Adc,  VCE  =  4  Vdc) 

hFE 

15 
5 

60 

Collector-Emitter  Saturation  Voltage 
*<IC  -  8  Adc,  lB  -  800  mAdc) 
(lc  =  16  Adc,  lB  -  3.2  Adc) 

VcE(sat) 

1.4 
4 

Vdc 

•Base-Emitter  On  Voltage 

(lC  =  8  Adc,  VcE  -  4  Vdc) 

VBE(on) 

2.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Magnitude  of  Common-Emitter 

Small-Signal,  Short-Circuit,  Forward  Current  Transfer  Ratio 
<lc  -  1  A,  f  -  50  kHz) 

lhf.l 

4 

•Small-Signal  Current  Gain 

<IC  ■  1  Adc,  VCE  -  4  Vdc.  f  -  1  kHz) 

"fe 

40 

SECOND  BREAKDOWN  CHARACTERISTICS 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 
t  =  1  s  (non-repetitive),  VqE  =  100  V,  See  Figure  12 

is/b 

1.5 

Adc 

(1)  Pulse  Test:  Pulse  Width  =  300  ms.  Duty  Cycle  <  2%. 
•Indicates  JEDEC  Registered  Data 
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2IM3773  NPN/2N6609  PIMP 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  DC  CURRENT  GAIN 
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FIGURE  3  -  COLLECTOR  SATURATION  REGION 
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FIGURE  4  -  COLLECTOR  SATURATION  REGION 
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FIGURE  5  -  "ON"  VOLTAGE 


FIGURE  6  -  "ON"  VOLTAGE 
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2N3773  NPN/2N6609  PNP 
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FIGURE  7  —  FORWARD  BIAS  SAFE  OPERATING  AREA 


BONDING  WIRE  LIMIT  - 
-+  + f-  THERMAL  LIMIT 

@  TCASE  *  25°C,  SINGLE  PULSE 
SECOND  BREAKDOWN  LIMIT 


"3.0      5.0    7.0    10  20     30        50    70  100 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


200  300 


There  are  two  limitations  on  the  powerhandling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  —  VCE  "m't*  °*  tne  tran- 
sistor that  must  be  observed  for  reliable  operation:  i.e.,  the  tran- 
sistor must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 


The  data  of  Figure  7  is  based  on  Tj(pk)  *  2Q0°C;Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  TJ(pkj  <  200°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown. 
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2N3789  thru  2N3792 


® 


MOTOROLA 


SILICON  PNP  POWER  TRANSISTORS 

. . .  designed  for  medium-speed  switching  and  amplifier  applications. 
These  devices  feature: 


Total  Switching  Time  @  3  A  «  1  MS  ('VP) 
Two  Gain  Ranges: 

hFE  (mini  =  15  and  30  @  3  A  (2N3789,  2N3790) 


50  @1  A(2N3791,2N3792) 
Low  VcE(sat)  =  0.5  V  (typ)  9  lC  =  4.0  A,  lB  =  0.4  A 


Excellent  Safe  Area  Limits 
Complementary  NPN 


-2N3713thru  2N3716 


MAXIMUM  RATINGS 


Symbol 

2N37S9 
2N3791 

2N3790 
2N3792 

Unit 

Collector-Base  Voltage 

VCB 

60 

80 

Volts 

Collector-Emitter  Voltage 

VcEO 

60 

80 

Volts 

Emitter-Base  Voltage 

veb 

7.0 

7.0 

Volts 

Collector  Current  (Continuous) 

ic 

10 

10 

Amps 

Base  Current  (Continuous) 

>B 

4.0 

4.0 

Amps 

Power  Dissipation 

Pd 

150 

150 

Watts 

Thermal  Resitance 

ojc 

1.17 

1.17 

°C/W 

Junction  Operating  and 
Storage  Temperature  Range 

TJ. Tstg 

-65  to  +200 

°C 

FIGURE  1  -  POWER -TEMPERATURE  DERATING  CURVE 


ffi  60 
S  40 
20 
0 


0  25  50  75  100  125  150  175  200 

Tc.  CASE  1EMPERATUSE  TCI 

Safe  Area  Limits  are  indicated  by  Figures  IS,  16-  Both  limits  are  applicable  and 
must  be  observed. 


10  AMPERE 

POWER  TRANSISTORS 
PNP  SILICON 


60-80  VOLTS 

ia 


ISO  WATTS 


NOTES: 

1.  DIMENSIONS  Q  AND  V  ARE  DATUMS. 

2.  GD  IS  SEATING  PLANE  AN0  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q: 

|   ♦  |  1.1310.005)®  |  T  |V©  | 


|   ♦  |  >13  (0  0051  ®T  |  V®  |  Q®| 

4.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  V14.5,  1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39  37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

3  if,! 

0 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.065 

0.070 

F 

30.15  BSC 

1.187  BSC 

G 

10.92  BSC 

0.430  BSC 

H 

5.46  BSC 

0.215  BSC 

J 

16.89  BSC 

0.665  BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0  150 

0.165 

R 

26.67 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 

2N3789  thru  2N3792 


ELECTRICAL  CHARACTERISTICS    <Tc  =  25"C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Emitter  Sustaining  Voltage* 
(lC-200mAdc.  IB  =  0) 

2N3789,  2N3791 
2N3790,  2N3792 

VcEO(sus)' 

60 
80 

Vdc 

Collector-Emmiter  Cutoff  Current 
(Vce  =  60  Vdc,  Vbe  -  -1.5  Vdc) 
(VCE  -  80  Vdc,  Vbe  -  -1B  Vdc) 
(Vce  "60  Vdc,  Vbe  =  -1-5  Vdc,  Tc 150t) 
(VCE  =  80  Vdc,  VBE  =  -1  -5  Vdc,  TC  -  1 50t) 

2N3789,  2N3791 
2N3790,  2N3792 
2N3789,  2N3791 
2N3790,  2N3792 

'CEX 

1 
1 

5 
5 

mAdc 

Emitter-Base  Cutoff  Current 
(VEB  -  7  Vdc) 

All  Types 

lEBO 

5 

mAdc 

DC  Current  Gain* 

(lC«  1  Adc,  VCE  =  2  Vdc) 

(lC  =  3Adc.  VCE  =  2Vdc) 

2N3789,  2N3790 

hFE" 

25 

90 

2N3791.  2N3792 
2N3789,  2N3790 
2N3791,  2N3792 

50 
16 
30 

180 

Collector-Emitter  Saturation  Voltage* 
(lc-4  Adc,  lB-  0.4  Adc) 
(lc-  5  Adc,  lB  =  0.5  Adc) 

2N3789,  2N3790 
2N3791,  2N3792 

vCEIsatl* 

1.0 
1.0 

Vdc 

Base-Emitter  On  Voltage" 
(lC=5A,  VCE-2Vdcl 

(lC"  10  Adc,  VCE  =  4  Vdc) 

2N3789,  2N3790 
2N3791.2N3792 
All  Types 

VBE(on)* 

2.0 
1.8 
4.0 

Vdc 

Current  Gain  —  Bandwidth  Product 

(VCE  -  10  Vdc,  lc  -  0.5  Adc,  f  -  1  MHz) 

All  Types 

% 

4 

MHz 

•Swaep  Test:  1/2  sine  wave  cycle  <S>  60  cps. 
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2N3789  thru  2N3792 


FIGURE  3  -  CURRENT  GAIN  VARIATIONS 
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FIGURE  5  -  SATURATION  VOLTAGES  FIGURE  6  -  TEMPERATURE  COEFFICIENTS 
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2N3789  thru  2N3792 


SAFE  OPERATING  AREAS 


FIGURE  7  -  2N3789,  2N3791 


FIGURE  8-  2N3790.  2N3792 
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The  Safe  Operating  Area  Curves  indicate  lc  —  Vce  limits 
below  which  the  device  will  not  go  into  secondary  breakdown. 
Collector  load  lines  for  specific  circuits  must  fall  within  the  ap- 
plicable Safe  Area  to  avoid  causing  a  collector  emitter  short. 


(Duty  cycle  of  the  excursions  make  no  significant  change  in 
these  safe  areas.)  To  insure  operation  below  the  maximum  Tj, 
the  power-temperature  derating  curve  must  be  observed  for 
both  steady  state  and  pulse  power  conditions. 


FIGURE  9  -CUT-OFF  REGION  TRANSCONDUCTANCE 


FIGURE  10  -  COLLECTOR  CUT-OFF  CURRENT 
BASE-EMITTER  RESISTANCE 


+02  0  -02 

V,t.  BASE-EMITTER  VOLTAGE  (VOLTS 


■„  EXTERNAL 


BASE-EMITTER  RESISTANCE  (0HMSI 


3-59 


HIGH  VI 


OLTAGE  NPN  SILICON  TRANSISTORS 


.  .  .  designed  for  use  in  high-voltage  inverters,  converters,  ! 
regulators  and  line  operated  amplifiers. 


•  High  Collector-Emitter  Voltage  -  VcEX  =  700  vdc 

•  Excellent  DC  Current  Gain  — 

hpE  =  10  (Min)  @  Iq  =  2.5  Adc 

•  Low  Collector-Emitter  Saturation  Voltage  — 

VCE(sat)  -  0.8  Vdc  (Max).@  lc  -  1.0  Adc 


•maximum  ratings 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Symbol 


CJC 


3.5  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 


400  VOLTS 
100  WATTS 


Rating 

Symbol 

2N3902 

Unit 

Collector-Emitter  Voltage 

VCEO 

Vdc 

Collector-Emitter  Voltage 

VCEX 

700 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  -  Continuous 

ic 

3.5 

Adc 

Base  Current 

'B 

2.0 

Adc 

Total  Device  Dissipation  @  T"c  =  75°C 
Derate  above  75°C 

?D 

100 
1.33 

Watts 
W/°C 

Operating  Junction  Temperature  Range 

Tj 

-65  to +150 

°C 

Storage  Temperature  Range 

Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

°c/w 


'  Indicates  JEDEC  Registered  Data 




100 

FIGURE  1  -POWER  DERATING 
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NOTES: 

1.  DIMENSIONS  0  AND  V  ARE  DATUMS. 

2.  ED  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q: 

1  4  |  >.13(0.005l©  |  T  |V©  | 


|   ♦  |  >.13  (0.005)  ®T  |  V®  I  a©] 

.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  Y14.5.  1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.3! 

1.550 

21.08 

0.830 

C 

6.36 

7.62 

0.250 

0.300 

0 

0.97 

1.09 

D.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.1 

BSC 

1.187  esc 

G 

10.92  BSC 

J.43C  BSC 

H 

5  46  BSC 

0.2 1 5  BSC 

J 

16.89  BSC 

0.66 

BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0  165 

R 

26.67 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 
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2N3902 


♦ELECTRICAL  CHARACTERISTICS    (Tc  =  25°C  unl.ss  otherwise  noted) 


Characteristic 

Symbol 

Mih 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 

(lc  =  lOOmAdc,  lB  -0)  (See  Figure  12) 

VcEO(sus) 

325 

Vdc 

Collector  Cutoff  Current 
IVCE  -  400  Vdc,  lB-0) 

'CEO 

0.25 

mAdc 

Collector  Cutoff  Current 

IVCE  •  700  Vdc.  VEB(off)  -  1.5  Vdc) 

( VCE  -  400  Vdc,  VEB(off)  -  1 .5  Vdc,  TC  -  1 25°C) 

ICEX 

2.5 
0.5 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc,  lC  -  0) 

lEBO 

5.0 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(lC  =  1.0  Adc,  VCE  =  5.0Vdc) 
(lC»2.SAdc.  VCE-5.0  Vdc) 

hFE 

30 
10 

90 

Collector-Emitter  Saturation  Voltage 
(lC  -  1.0  Adc,  lB  =  0.1  Adc) 
dC"  2.5  Adc,  lB  -0.5  Adc) 

VcE(sat) 

0.8 
2.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  •  10  Adc,  lB  -  0.1  Adc) 
(lc  2.5  Adc,  lB  0.5  Adc) 

VBE(sat) 

1.5 
2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain— Bandwidth  Product 
(lc  *  0.2  Adc,  VCE  »  10  Vdc) 

ft 

2.8 

MHz 

•Indicates  JEDEC  Registered  Data 

(11  Pulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  <  2.0%. 


2N3902 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  —  ACTIVE-REGION  SAFE-OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  secondary  breakdown.  Safe 
operating  area  curves  indicate  \q  —  Vqe  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must  not 
be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p^)  =  150°C;  Tq  is  variable 
depending  on  conditions.  Pulse  curves  are  valid  for  duty  cycles  of 
10%  provided  Tj(pk)  ^  150°C.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  secondary  breakdown. 
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FIGURE  8  -  DC  CURRENT  ( 
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FIGURE  9  -  "ON"  VOLTAGES 
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FIGURE  12  -  COLLECTOR-EMITTER  SUSTAINING  VOLTAGE  TEST  CIRCUITS  AND  LOAD  LINES 
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2N6312  thru  2N6314  PNP 




— 


COMPLEMENTARY  SILICON 
MEDIUM  POWER  TRANSISTORS 

.  .  .  designed  for  general -purpose  power  amplifier  and  switching 
applications. 

•  Low  Collector-Emitter  Saturation  Voltage  — 

VcE(sat)  =  0.7  Vdc  (Max)  @  lC  =  1.5  Adc 

•  Low  Leakage  Current  -  lCEX  =  0.1  mAdc  (Max) 

•  Excellent  DC  Current  Gain -hpE  =  25-100  @IC=  1.5  Adc 

•  High  Current  Gain  -  Bandwidth  Product  - 

fj  =  4.0  MHz  @  lc  -  0.25  Adc 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  - 
Continuous 
Peak 


1  Current 


Total  Device  Dissipation  @ 
TC  =  25°C 
Derate  above  25°C 


Operating  and  Storage 
Junction  Temperature 
Range 


Symbol 


vCEO 


VCB 


VEB 


PD 


Tj.Ts, 


2N4231A 
2N6312 


2N4232A 
2N6313 


2N4233A 
2N6314 


-  5.0  - 
-10- 


-  75  — 

-  0.43  - 


Watts 
W/°C 


"THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Ojc 

2.32 

°C/W 

5.0  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 


40-60-80  VOLTS 
75  WATTS 





•  Indicates  JEDEC  registered  data.    (All  values  meet  or  exceed  JE  DEC  registered  data) 
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SEATING  PLANE 


STYLE  1 :  I 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8. 64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

241 

2.67 

0.095 

0.106 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

0.360 

P 

1.27 

0.050 

a 

3.61 

3.86 

0.142 

0.152 

s 

8.89 

0.350 

T 

3.68 

0.145 

U 

16.75 

0.620 

All  JEDEC  Dimensions  and  and  Notes  Apply. 
CASE  80-02 
TO-66 


2N4231A  thru  2N4233A  NPN,2N6312  thru  2N6314  PNP 

ELECTRICAL  CHARACTERISTICS  <TC  .  25°C  unless  othe,„,se  notedl  

|  Char.ct.ri.lic  |         Symbol  |  Min  |  Mp  [  Unn 


•OFF  CHARACTERISTICS 


Collector  Emitter  Sustaining  Voltage  II 

vCEO(susl 

 Vdc  

Uc«  lOOmAdc,  lB  =  0) 

2N4231A.  2N6312 

40 

_ 

2N4232A,  2N6313 

60 

2N4233A.  2N6314 

80 

— ;  — —  

Collector  Cutoff  Current 



'ceo 

 mAdc  

(VCE  -  30  Vdc,  lB  -  0) 

2N4231A.  2N6312 

_ 

1  0 

(Vqe  =  50  Vdc,  lB  =  0) 

2N4232A,  2N6313 

10 

(VCE  -  70  Vdc,  lB  -  0) 

2N4233A.  2N6314 

10 

Collector  Cutoff  Current 

ICEX 

mAdc 

(VCE  -  40  Vdc.  VBE(off|  =  1.5  Vdc) 

2N4231A.  2N6312 

0  1 

(VCE  =  60  Vdc.  VBEl0ff)  =  15  Vdc) 

2N4232A.  2N6313 

0  1 

(VCE  -  80  Vdc,  VBE(off)  =  1.5  Vdc) 

2N4233A,  2N6314 

0.1 

1 VCE  =  40  Vdc,  VBE  (off)  =  1  5  Vdc, 

2IM4231A.  2N6312 

10 

TC  -  150°C) 

(VCE  =  60  Vdc.  VBEloff)  =  1.5  Vdc. 

2N4232A,  2N6313 

1.0 

TC  =  150°C) 

IVCE  =  80  Vdc,  VBE(off)  =  1.5  Vdc. 

2N4233A.  2N6314 

10 

TC  =  150°C) 

Collector  Cutoff  Current 

'cso 

mAdc 

(VCB  =  40  Vdc,  lE  =  0) 

2N4231A,  2N6312 

0.05 

(VCB  -  60  Vdc,  lE  =  0) 

2N4232A.  2N6313 

0.05 

(VCB  -80  Vdc,  iE  =  0) 

2N4233A.  2N6314 

0.05 

Emitter  Cutoff  Current 

lEBO 

mAdc 

<VBE  "  5.0  Vdc.  IC  =  0) 

0.5 

ON  CHARACTERISTICS 

DC  Curreni  Gain  (1) 

"FE 

*  (lC  "  0.6  Adc.  VCE  =  2  0  Vdc) 

40 

MIC  =  1-5  Adc,  VCE  "  2  0  Vdc) 

25 

100 

'IIq  -  3.0  Adc.  VCE  -  2.0  Vdc) 

10 

(IC  =  5.0  Adc,  VCE  =  4.0  Vdc) 

40 

•Collector-Emitter  Saturation  Voltage  ID 

VCEIsatl 

vac 

(lc  -  15  Adc.  ie  *  0.15  Acc) 

0.7 

(lc  =  3.0  Adc,  iB  =  0.3  Adc) 

2.0 

(lc  =  5.0  Adc.  l8  =  1.25  Adc) 

4.0 

•Base-Emitter  On  Voltage  ID 



vBEIonl 

V* 

(lC  =  15  Adc.  Vce  e  2.0  Vdc) 

1.4 

'DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

H 

MHz 

(lC  =  0.5  Adc,  VCE  -  10  Vdc.  ftes,  ■ 

1 .0  MHz) 

4  0 

Output  Capacitance 

cob 

Pi- 

(VCB  =  10  Vdc.  IE  =  0.  f  =  0.1  MHz) 

300 

Small-Signal  Current  Gain 

"le 

UC  =  0.5  Adc,  VCE  ■  10  Vdc,  f  -  1.0  kHz) 

20 

•Indicates  JE DEC  registered  data 

(11  Pulse  Test:  Pulse  Width  <  300us,  Dutv  Cycle  <  2.0%. 


FIGURE  2  - 


,  TURN-ON  PULSE 


SWITCHING  TIME  TEST  CIRCUIT 

Vcc  o- 


FIGURE  3  -  TURN  "ON"  TIME 


TURN-OFF  PULSE 


Rc 

in  o — wi — f — |  SCO 

1  S 

Cjd«Ceb  101  J_ 


II  <  15  ns 

100  <  12  <  500  us 

13  <  15  ns 

DUTY  CYCLE* 2.0% 
FORtrj  andtr.  Dl 
IS  DISCONNECTED 
FOR  PNP  TEST  CIRCUIT, 
REVERSE  ALL  POLARITIES  AND  D 1 


FOR  CURVES  OF  FIGURES  3  AND  6,  RB  AND  RC 
ARE  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 

D]  MUST  BE  FAST  RECOVERY  TYPE,  eg 
MBD5300  USED  ABOVE  In.  »  100  mA 
MSO6100  USED  BELOW  le  *  100  mA 


0.05  0  07   0.1  0.2     0.3       0.5   0.7  1.0 

.  ^IC.  COLLECTOR  CURRENT  (AMPERES) 
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2N4231A  thru  2N4233A  NPN,  2N6312  thru  2N6314  PNP 


■ 

FIGURE  4  -  THERMAL  RESPONSE 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  Vqe  |irnits  of  the 
transistor  that  must  be  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|<)  =  200°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjp^j  <  200°C.  Tj(p^)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  than  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


* 


FIGURE  6  -  TURN  "OFF  "  TIME  FIGURE  7  -  CAPACITANCE 
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2ISI4231 A  thru  2N4233A  NPN ,  2N6312  thru  2N6314  PNP 


NPN 

2N4231A  thru 


2N6312  thru  2N6314 


200 

VCE 

■  IS 

V 

=  100 

| 

E  70 

i 

c 

§  50 
» 

i 

£  30 
20 

Tj  =  + 

50 

+25  ( 

r 

b!TL 

si 

k 

s 

10 

- 

FIGURE  8  —  DC  CURRENT  GAIN 

300 


It  COLLECTOR  CURRENT  (AMPER 


IC.  COLLECTOR  CORRECT  (AMPERES! 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 

_  1.0 


■V  0.4 
or. 
o 
S3 

111 

=!  0.2 


Ir 

=  1 

nn 

> 

Finn  m& 

1  r 

3 

i 

\ 

i. 

— 

25" 

c 

1.0      2.0        5.0      10      20         50  100 
IB,  BASE  CURRENT  (mAI 


10      2  0        5.0      10      20         50      100     200       500  1000 
IB,  BASE  CURRENT  (mA) 


FIGURE  10  -  "ON"  VOLTAGES 
1.4 


0.1  0.2     0.3        0.5    0.7    1.0  2.0  3.0 

IC,  COLLECTOR  CURRENT  (AMPERES) 


D.05  0.07  0.1         0.2     0.3       0.5    0.7  1.0 
ic,  COLLECTOR  CURRENT 


2N4399 
2N5745 


(ft)  MOTt 


PNP  SILICON  HIGH-POWER  TRANSISTORS 

ed  for  us 


.  .  .  designed  for  use  in  power  amplifier  and  switching  circuits. 
•  Low  Collector-Emitter  Saturation  Volt 


VCE(sat)  "  1  0  Vdc  (Ma><)  ®  'C  =  1 

•  DC  Current  Gain  Specified  -  1 .0  tc 

•  Complements  to  NPN  2N5301,  2N530 


B.2N4399) 


20,  30  AMPERE 
POWER  TRANSISTORS 

PNP  SILICON 


40-60-180  VOLTS 
200  WATTS 


,  


'MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 


Base  Current  -  Continuous 
Peak 


Total  Device  Dissipation  @TA  =  25°C 
Derate  above  25°C 


Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


"CEO 


VCB 


pd 


Tj.Tstg 


2N4398     2N4399  2N5745 


30 
50 


30 
50 


20 
50 


•  7.5- 
■  15- 


-  5.0- 
-28.6- 


-200  — 
-1.15  — 


Watts 
mW/°C 


Watts 
W/°C 


°C 


THERMAL  CHARACTERISTICS 


Resistance,  Junction  to  Case 


"JC 


6JA 


°C/W 
°C/W 


'Indicates  JEDEC  Registered  Data 
"Motorola  guarantees  this  data  in  addition  to  JEDEC  Registered  Data. 

FIGURE  1  —  POWER-TEMPERATURE  DERATING  CURVE 


TA 

TC 

10 

200 

90 

180 

80 

160 

< 

7.0 

HO 

G 

6.0 

120 

< 

5.0 

100 

a 

4.0 

80 

1 

3.0 

60 

a. 

a 

2.0 

40 

a- 

1.0 

20 

0 

0 

T,  TEMPERATURE  (°C) 
Safe  Area  Curves  are  indicated  by  Figure  13.  All 
limits  are  applicable  and  must  be  observed- 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

G.35 

7.62 

0  250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

2990 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.61 

17.15 

0.655 

K 

11.18 

12  19 

0.440  1  0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

26.67 

1.050 

CASE  11-01 

(TO-31 


2N4398,  2N4399,  2N5745 

ELECTRICAL  CHARACTERISTICS  ITC  -  25°C  unless  otherwise  noled) 


I    Sv-*"  I 


OFF  CHARACTERISTICS 


Collecior-E  miner  Sustaining  VoItageU) 
ilC  "  200  mAdc.  IB  =  0)  2N4398 

2N4399 
2NS745 

vC£Olws) 

40 

60 
80 

Vdc 

Collector  Cutoff  Current 
[VCE  =  40  Vdc,  lB  •  01  2N4398 
(Vce  -60  Vdc.  IB  -  01  2N4399 
(Va-8OVrJc.lB-0l  2N5745 

'ceo 

5.0 
5.0 
SO 

Collector  Cutoff  Current 
fVCE  c  «  Vdc.  VBE(offl  =  1.5  Vdcl  2N4398 
!VCE  =  60  Vdc.  VBE(o(fl  =  1.5  Vdc)  2N4399 
IVCE  =80Vdc.VBE(oHI-  1.5  Vdcl  2N5745 
IVce  =  30  Vdc.  VBE(o(f)  =  1.5  Vdc.  TC  »  150°C)               2N4398.  2N4399 
(VCE     80  Vdc.  VeE(oM)  =  !  5  Vdc.  TC  =  150°Cl  2N5745 

<CEX 

50 

5.0 

so 

10 
10 

mAdc 

Collector  Cutoff  Curreni 
IVca  ■  *0  Vdc.  IE  =  0)  2N4398 
(VC8  -  60  Vdc.  IE  =  01  2N4399 
<VCB  =  80  Vdc.  IE  =  01  2N5745 

'ceo 

1.0 
1.0 
1.0 

Emitter  Cutoff  Current 
IV6B  -  5  0  Vdc.  IC  -  0) 

'EBO 

5.0 

mAdc 

ON  CHARACTERISTICS 

DC  Current  GainM) 

(lC  -  1.0  Adc,  VC£  =  2.0  Vdcl                                                   All  Types 
(lc  -  10  Adc.  VCE  ■=  2.0  Vdc)  2N5745 
UC  -  15  Adc.  VCE  =  2.0  Vdct                                         2N4398.  2N4399 
f  I C  °  20  Adc.  VCE  =  2.0  Vdc)  2N5745 
IlC  =  30  Adc.  VCE  =  4.0  Vdc)                                         2N  4398.  2N4399 

hFE 

40 

IS 

15 
5.0 
5.0 

60 
60 

Collector  Emitter  Saluration  VoltageM) 
IlC  ■  10  Adc.  IB  •  1.0  Adc!                                            2N4398.  2N4399 

2N5745 

IlC  ■  15  Adc.  <B  i  15  Adc)                                            2N4398.  2N4399 

2N674S 

He  °  20  Adc.  I  s  "  2.0  Adc)                                            2N4398.  2N4399 
IlC  -  20  Adc.  1 B  -  4.0  Adc)  2N5745 
IlC  -  30  Adc.  1 B  ■  6.0  Adc)                                            2N4398.  2N4399 

Vce  (sail 

0.75 
1.0 
1.0 
1.5 

2.0 
2.0 

Vdc 

Bate  Emitter  Saturation  Voltage!  1 1 
IlC  ■  10  Adc.  IB  =  1.0  Adc)**                                         2N4398.  2N4399 

2N574S 

»C  '  15  A*.  1B  -  1.5  Adc)                                            2N4398.  2N4399 

2N5745 

Hc  =  20  Adc.  IB  ■  2.0  Adc)"                                        2N4398.  2N4399 
HC  ■  20  Adc.  IB  -  4.0  Adc)  2N5745 

VBE(sat) 

1.6 
1.7 
1  85 
2.0 
2.5 
2.6 

Vdc 

Base-Emitter  On  VoltegeM ) 

(IC  -  10  Adc.  VCE  =  2  0  Vdc)  2N5745 
(lC  -  15  Adc.  Vce  =  2.0  Vdc)                                         2N4398.  2N4399 
IlC  -  20  Adc.  VCE  =  4  0  Vdcl  2N5745 
llC  ■  30  Adc.  VCE  ^  4.0  Vdcl                                         2N4398.  2N439& 

vBE(onl 

1.S 
17 
2.6 
3.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Currant-Gain -Bandwidth  Product<2) 

tlC-  1.0  Adc.  VCE  =  10  Vdc.  f=  1.0  MHz)                           2N4398.  2N4399 

2N5745 

'T 

4.0 

2.0 

MHz 

Small-Signal  Currant  Gain 

IIC  -  1  0  Adc.  VCE  ■  10  Vdc,  1  -  1.0  kHi) 

"fe 

40 

SWITCHING  CHARACTERISTICS  <S*e  Figure*  2  and  31 

RiteTim* 

2N4398.  2N4399 
(Vcc-30Vdc,  2N67« 
lC  ■  10  Adc.                                              2N4398,  2N4399 
lB1='B2=l-0Adc)  2N5745 

«r 

0.4 
10 

pa 

Storage  Time 

*s 

1.5 
2.0 

n» 

Fall  Time 

2N4398.  2N4399 
2N5745 

<f 

06 
1.0 

*  Indicates  JEDEC  Registered  Date. 

'Motorola  Guarantees  this  Data  in  Addition  to  JEDEC  Registered 

SWITCHING  TIME 

FIGURE  2  -  TURN-ON  TIME 


( 1  (Pulse  Test:  Pulse  Width  £  300  Ms.  Duty  Cycle  £  2.0%. 
Data.  (2)fT  js  defined  as  the  frequency  at  which  |hfe|  extrapolates  t 

EQUIVALENT  TEST  CIRCUITS 

FIGURE  3  -  TURN-OFF  TIME 


— -I  l- — 10  to  100  ii% 
DUTY  CYCLE  ~  2.0% 


DUTY  CYCLE  »  2.0% 
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2N4398,  2N4399,  2N5745 


2N4398,  2N4399,  2N5745 


RATINGS  AND  THERMAL  DATA 
FIGURE  S  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


100 

50 

< 

20 

10 

Z> 

5.0 

o 

20 

1  0 

— 

0  5 

0  2 

0  1 

■  Secondary  Breakdown 

"  Bonding  Wire  Limited 

E  Thermal  Limitations 

-  Pulse  Duty  Cycle  ■  10 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Ic^Vce  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  8  is  based  on  Tjjpkj  =  200°C;  Jq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjp^j  ^  200°C.  Tj(p^)  may  be 
calculated  from  the  data  in  Figure  9."  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


2.0     3.0       5.0  10  20  30 

VcE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  9  -  THERMAL  RESPONSE 


0.01      0  02  0  05        0  1 


1  0         20  50  10 

t.  TIME  OR  PULSE  WIDTH  [mil 


100        200  500  1000 


DESIGN  NOTE:  USE  OF  TRANSIENT  THERMAL  RESISTANCE  DATA 


'.  i- 


DUTY  CYCLE  D    1,  1  ~ 
"p 

PEAK  PULSE  POWER  P, 


A  train  of  periodical  power  pulses  can  be  represented  by  the 
model  as  shown  in  Figure  A  Using  the  model  and  the  device 
thermal  reponse,  the  normalized  effective  transient  thermal 
resistance  of  Figure  9  was  calculated  for  various  duty  cycles. 

To  find  djclt),  multiply  the  value  obtained  from  Figure  9  by  the 
steady  state  value  tfjcf00)- 

Example: 

The  2N4398  is  dissipating  100  watts  under  the  following 
conditions,  t,  =  1 .0  ms,  tp  =  5.0  ms.  (D  =  0.2) 

Using  Figure  9,  at  a  pulse  width  of  1  OmsandD  =  0.2,  the  reading 
of  r  (i)  is  0.28. 

The  peak  rise  in  junction  temperature  is  therefore 

T  =  r(t)  X  Pp  X  0JC( x )  -  0.28  X  100  X  0.875  -  24.5°C 
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MOTOROLA 


MEDIUM-POWER  PNP  SILICON  TRANSISTORS 


i  for  driver  circuits,  switching,  and  amplifier  applications. 
These  high-performance  devices  feature: 

•  Low  Saturation  Voltage  -  VcE(sat)  =  °-6  V  max  @  Iq  =  1 .0  Amp 

•  Excellent  Safe  Operating  Area 

•  Gain  Specified  to  Irj  =  1 .0  Ampere 

•  2N4900  Complementary  to  NPN  2N4912 


4  AMPERE 

GENERAL  PURPOSE 
POWER  TRANSISTORS 

40-80  VOLTS 
25  WATTS 


MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous* 


Base  Current 


Total  Device  Dissipation  Tc  =  25°C 
Derate  above  25°C 


Operating  &  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


VCB 


VEB 


TJ.Tstg 


2N4898   2N4899  2N4900 


-1.0  - 
-4.0  - 


—  25  — 
-0.143- 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Reistance,  Junction  to  Case 

eJC 

7.0 

°C/W 

*The  1.0  Amp  maximum  lc  value  is  based  upon  JEDEC  current  gain  requirements. 
The  4.0  Amp  maximum  value  is  based  upon  actual  current-handling  capability  of  the  device 
(see  Figure  5). 


2b 

£  20 
|  15 
°  10 

§ 

5. 

-  5 
0 

FIGURE  1  _  POWER -TEMPERATURE  DERATING  CURVE 



0       20      40       60      80      100      120      140      160      180  200 
Tc.  CASE  TEMPERATURE  K) 
Safe  Area  Curves  are  indicated  by  Figure  5.  All  limits  are  applicable  and  must  be  observed. 

E  /-K-D 
SEATING  PLANE 

STYLE  1 : 
PIN  I.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

HES 

MIN 

MAX 

MAX 

I 

11.94 

12.70 

0.470 

0.50O 

C 

6.35 

8.64 

0.250 

0  340 

0 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0  075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4  83 

533 

0190 

0.210 

H 

2.41 

2.67 

0  095 

0  105 

J 

14.48 

14,99 

0  570 

0.590 

K 

9.14 

0.360 

P 

1.27 

0.050 

a 

3.61 

3.86 

0.142 

0.152 

s 

8.89 

0  350 

T 

3.68 

0.145 

u  - 

15.75 

0.620 

All  JEDEC  Dimensions  and  and  Notes  Apply. 


CASE  804)2 
TO66 
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2N4898  thru  2N4900 


ELECTRICAL  CHARACTERISTICS  <TC  -  25"C  unless  olherw.senolW) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage* 
(I    =  0.  1  Adc,  I    =  0)                  '  2N4898 

2N4899 
l N^yuu 

BV  * 
vCEO(sus) 

40 
60 
80 

- 

Vdc 

Collector  Cutoff  Current 
(VC£  .  20  Vdc,  IB  =  0)  2N4898 

(VC£  =  30  Vdc,  IB  =  0)  2N4899 

(VCE  =  40  Vdc,  IB  =  0)  2N4900 

'CEO 

0.5 
0.5 
0.5 

mAdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCEC  VBE(off)  =  1-5VdC> 
<VCE  "  ^  VCEO'  VBE(off)  "  15  VdC'  TC  "  15°'C) 

rCEX 

0.1 
1.0 

mAdc 

Collector  Cutoff  Current 
(VCB  =  Rated  VCB,  i£  ,  o) 

'CBO 

.0.1 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc,  Ic  =0) 

'ebo 

1.0 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain* 
(Ic  =  50  mAdc,  V      =1.0  Vdc) 

Uc  =  500  mAdc,  VCE  =1.0  Vdc) 

dc  =1.0  Adc,  VCE  =1.0  Vdc) 

hFE* 

40 

20 
10 

100 

Collector-Emitter  Saturation  Voltage* 
Uc  =  1.0  Adc,  Ig  =  0.  1  Adc) 

VCE(sat)* 

0.6 

Vdc 

Base-Emitter  Saturation  Voltage* 
Uc  =  1.0  Adc,  IB  =  0. 1  Adc) 

VBE(sat) 

1.3 

Vdc 

Base-Emitter  On  Voltage* 
<IC  -  1.0  Adc,  VCE  =  1.0  Vdc) 

VBE(on)* 

1.3 

Vdc 

SMALL  SIGNAL  CHARACTERISTICS 

Current-Gain— Bandwidth  Product 
(Ic  -  250  mAdc,  VCE  =  10  Vdc,  £  =  1.0  MHz) 

fT 

3.0 

MHz 

Output  Capacitance 
(VCB  =  10  Vdc,  IE  =  0,  f  =  100  kHz) 

Cob 

100 

pF 

Small-Signal  Current  Gain 
Uc  =  250  mAdc,  VCE  =  10  Vdc,  f  =  1.  0  kHz) 

hfe 

25 

- 

*   Pulse  Test:   PW  *300  (is,  Duty  Cycle  =  2.0% 
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2N4898  thru  2N4900 


The  safe  operating  area  curves  indicate  lc  — Vce 
limits  ot  the  transistor  which  must  be  observed  for 
reliable  operation.  Collector  load  lines  tor  specific 
circuits  must  fall  below  the  limits  indicated  by  the 
applicable  curve. 

The  data  of  Figure  5  is  based  upon  TJ(pl]  = 
200"C.  Tc  is  variable  depending  upon  conditions 
Pulse  curves  are  valid  for  duty  cycles  to  10  %  pro 
vided  TJlpH  ■  200°C  TJJpM  may  be  calculated 
from  the  data  m  Figure  4  .  At  high  case  tempera 
tures.  thermal  limitations  will  reduce  the  power 
which  can  be  handled  to  values  less  than  the  limita 


1.0  2.0     3  0       5.0    7  0    10  20      30       50    70  100 

Vc!.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS] 


FIGURE  6  -  STORAGE  TIME 


FIGURE  7  -  FALL  TIME 


01 
0.07 
0  05 

10  20      30        50    70    100  200    300      500  700  1000 

tc.  COLLECTOR  CURRENT  ImA) 


200  300 
la  COLLECTOR  CURRENT  ImA) 


500 


700  1000 
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2N4912 

® 


NPN  SILICON  TRANSISTOR 

.  .  .  designed  for  driver  circuits,  switching,  and  amplifier  applications. 
This  high-performance  device  features: 

•  Low  Saturation  Voltage  -  VcE(sat)  =  06  v  ma*  @  'C  =  1  -0  Amp 

•  Excellent  Safe  Operating  Area 

•  Gain  Specified  to  lc  =  1 .0  Amp 

•  Complement  to  PNP  2N4900 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEO 

80 

Vdc 

Collector  Base  Voltage 

VCB 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  —  Continuous" 

ic" 

1.0 

Adc 

Base  Current  —  Continuous 

If! 

1.0 

Adc 

Total  Device  Dissipation  Tc  =  25°C 
Derate  above  25°C 

25 
0.143 

Watts 
mW/°C 

Operating  &  Storage  Junction 

TJ.  Tst9 

-65  to  +200 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R8JC 

7.0 

°c/w 

•The  1 .0  Amp  maximum      value  is  based  upon  JEDEC  current  gain  requirements. 

25 

FIGURE  1  -  POWER  TEMPERATURE  DERATING  CURVE 

"  20 
< 

SIPATION  P 

>0WER  I 

El 

5.0 

0 

0       20        40  6 

0  8 

0        100      120       140  1! 

0      180  200 

Tg,  CASE  TEMPERATURE  (°CI 

Safe  Area  Curves  are  indicated  by  Figure  5.  AM  limits  are  applicable  and  must  be  observed. 

1  AMPERE 

NPN  SILICON 
POWER  TRANSISTOR 

80  VOLTS 
25  WATTS 


53 


STYLE  1: 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIh 

INCHES 

WIN 

MAX 

MIN 

MAX 

1 

11.94 

12.70 

0  470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0  86 

0.02S 

0.034 

E 

1.27 

1.91 

0.050 

0  075 

F 

24.33 

24  43 

0  356 

..  ye? 

G 

4.83 

533 

0  !  30 

0210 

H  1  2.41 

2.67 

0  U95 

0.105 

J 

14  48 

14.99 

0  570 

0.590 

K 

9  14 

0360 

P 

1.27 

0.050 

a 

3.61 

■  ■ 

0  142 

0  152 

s 

..  :,oo 

T 

:  i 

■  U5 

15  75 

6>0 

AN  JEOEC  Oimerwiont  and  and  Notes  Apply 


3-75 


2N4912 


ELECTRICAL  CHARACTERISTICS  <TC  -  25°C  unless  otherwise  noted) 


Symbol        |        Mir,         |  Max~ 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (11 
(lC  =  0.1  Adc,  lB=0) 

BVCEO.SUS) 

80 



Vdc 

Collector  Cutoff  Current 
(VCE  =40  Vdc,  lB  =0) 

'CEO 

0.5 

mAdc 

Collector  Cutoff  Current 

(VCE  =  Rated  VCE0.  vEBIoffl  -  '  -5  Vdc) 

(VCE  =  Rated  VCE0.  VEB(of()  -  1.5  Vdc.  Tc  -  150°C) 

ICEX 

0.1 
1.0 

mAdc 

Collector  Cutoff  Current 

(Vcb  =  Rated  VCB.  'E  ■  0) 

'CBO 

0.1 

mAdc 

Emitter  Cutoff  Current 
(VEB  -  5.0  Vdc.  Ic  =  0) 

Iebo 

1.0 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(lc  =  50mAdc,  VCE  -  10  Vdc) 
(lc  -  600  mAdc.  VCE  -  1.0  Vdc) 
(lc-1.0  Adc,  VCE  =  1.0  Vdc) 

>>FE 

40 

20 
10 

100 

Collector  Emitter  Saturation  Voltage 
(lc  =  1.0  Adc.  IB  =0.1  Adc) 

vCE(sat) 

0.6 

Vdc 

Base-Emitter  Saturation  Voltage 

vBE(sat) 

1.3 

Vdc 

dC  =  10  Adc,  lB  =  0.1  Adc) 

Base-Emitter  On  Voltage 

(lc  -  1.0  Adc.  Vce  •  1-0  Vdc) 

vBE(on) 

1.3 

Vdc 

SMALL  SIGNAL  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(IC  =  250  mAdc.  VCE  =  1 0  Vdc.  f  =  1 .0  MHz) 

h 

3.0 

MHz 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  =  0,  f  =  100  kHz) 

Cob 

100 

pF 

Small-Signal  Current  Gain 

(lC  =  250  mAdc,  VCE  =  10  Vdc,  f  =  1.0  kHz) 

!>>e 

25 

11)  Pulse  Test:  Pulse  Width  -  300  us.  Duty  Cycle  =  2.0%. 


FIGURE  2  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT 


APPROX  ,  |  TURN-ON  PULSE 

-11 V 


-4.0  V 
t,-=  15  ns 
100  <  t,  •=  500  ,is 
1,  •=  15  ns 

DU1V  CYCLE  =  2  0% 


APPROX  9  0V 
<>   — (f— 

TURN  OFF  PULSE 


10  20     30       50    70    100         200    300      500  700  1000 

lc.  COLLECTOR  CURRENT  !r 
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2N4912 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


(BASE-EMITTER  DISSIPATION  IS  - 
SIGNIFICANT  ABOVE  lc  =  2.0  AMP)  - 
PULSE  DUTY  CYCLES  10% 
I     I    I  I    I    I  I  I 


5.0  7.0 
COLI 


20  30 
OLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  han- 
dling ability  of  a  transistor:  junction  temperature 
and  secondary  breakdown.  Safe  operating  area 
curves  indicate  lc  —  Vet  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissi- 
pation than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(ptj  = 
2O0'C:  Tc  is  variable  depending  on  conditions. 
Pulse  curves  are  valid  for  duty  cycles  of  10%  pro- 
vided Tj(pl|  <  200'C.  Tjjptl  may  be  calculated 
from  the  data  in  Figure  4.  At  high  case  tempera- 
tures, thermal  limitations  will  reduce  the  power 
that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  secondary  breakdown. 


FIGURE  6  -  STORAGE  TIME 


10  20      30       50   70    100         200    300      500  700  1000 

lc.  COLLECTOR  CURRENT  1mA) 


FIGURE  7  -  FALL  TIME 


20     30       50    70    100         200  300 
lc.  COLLECTOR  CURRENT  ImA) 
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2N4918  thru  2N4920 


® 


MOTOROLA 


MEDIUM-POWER  PLASTIC  PNP  SILICON  TRANSISTORS 

.  .  .  designed  for  driver  circuits,  switching,  and  amplifier  applications. 
These  high-performance  plastic  devices  feature: 

•  Low  Saturation  Voltage  -  VcE(sat)  =  0.6  Vdc  (Maxl  @  lc  =  1.0 
Amp 

•  Excellent  Power  Dissipation  Due  to  Thermopad   Construction  — 

Pq  =  30  @  T~c  ■  25°C 


•  Gain  Specified  to  lc  =  10  Amp 

•  Complement  to  NPN  2N4921,  2N4922,  2N4923 


•MAXIMUM  RATINGS 


Ratings 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous  (1) 


Base  Current 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 


Operating  &  Storage  Junction  Tj,  Tstg 

Temperature  Range  

THERMAL  CHARACTERISTICS  12) 


Symbol 


vCEO 


VCB 


VEB 


2N4918 


40 


2N4919 


2N4920 


-1.0- 
-3.0- 


30 
024 


-65  to +  150  - 


Watts 
W/°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

fjc 

4.16 

°C/W 

•Indicates  JE DEC  Registered  Data  for  2N4918  Series 

( 1 )  The  1 .0  Amp  maximum  lc  value  is  based  upon  JE  DEC  current  gain  requirements. 
The  3.0  Amp  maximum  value  is  based  upon  actual  current-handling  capability  of  the 
device  (SeeF.gureS). 

(2)  Recommend  use  of  thermal  compound  for  lowest  thermal  resistance. 


Pq,  POWER  DISSIPATION  IWATTS) 

FIGURE  1  -  POWER  DERATING 

25               50                75  I 
To.  CASE  TEMPERATl 

0               126  150 
RE  ("CI 

3  AMPERE 
GENERAL-PURPOSE 
POWER  TRANSISTORS 

40-80  VOLTS 
30  WATTS 


m 


ftLo 


K 

L 


 C     STYLE  1 

M^JL.*~r         PIN  1.  EMITTER 

2.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

Ml  N 

MAX 

MIN 

MAX 

A 

10  80 

i  1.05 

0.425 

0.435 

a 

7.49 

7.76 

0.295 

0.305 

c 

2.41 

2  67 

0095 

0  105 

0 

0.51 

0  56 

0.020 

0  026 

F 

2.92 

3.18 

0.116 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.656 

M 

3 

>TYP 

3°TYP 

Q 

3.76 

4  01 

0,148 

0.158 

R 

1.14 

1  40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.036 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

0.040 

CASE  77-04 
TO-126 
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2l\l4918thru  2N4920 


ELECTRICAL  CHARACTERISTICS  <TC  =  26°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit  ] 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 
(lC  =  0.1  Adc.  IB  =  0)  2N4918 
2N4919 
2N4920 

vCEO(sus) 

40 
60 
80 

Vdc 

Collector  Cutoff  Current 

(VCE  =  20  Vdc.  IB  =  0)  2N4918 
(VCE  =  30  Vdc.  IB  =  0)  2N4919 
(VCE  =  40  Vdc.  IB  =  0)  2N4920 

'CEO 

0.5 
0.5 
0.5 

mAdc 

Collector  Cutoff  Current 

(VCE  =  Rated  VCeo.  VBE(off)  "  M  Vdcl 

IVCE  =  Rated  VCE0.  VBE(off)  =  1.6  Vdc.  Tc  =  125°C) 

'CEX 

0.1 

0.5 

mAdc 

Collector  Cutoff  Current 
IVCB  =  Rated  VCB.  IE  =0) 

'CBO 

0.1 

mAdc 

Emitter  Cutoff  Current 
IVBE  =  5.0  Vdc.  IC»  01 

'EBO 

1.0 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (It 

(lc  =  50mAdc,  VCE  =  1.0  Vdcl 
(lc  =  500  mAdc.  VCE  "  1.0  Vdc) 
(lc  -  1.0  Adc.  VCE  =  1.0  Vdc) 

nFE 

40 
30 
10 

150 

Collector-Emitter  Saturation  Voltage  (1) 
(lC  -  1.0  Adc,  lB  =  0.1  Adc] 

vCE(sat) 

0.6 

Vdc 

Base-Emitter  Saturation  Voltage  (1) 
(lC  =  1.0  Adc.  IB  =  0.1  Adc) 

vBE(sat] 

1.3 

Vdc 

Base-Emitter  On  Voltage  (1) 
(lC  -  1.0  Adc,  VcE  -  1.0  Vdc) 

vBE(on) 

1.3 

Vdc 

SMALL-SIGNAL  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(lC  =  250  mAdc,  VCE  =  10  Vdc.  f  =  1.0MHz) 

fT 

3.0 

MHz 

 *  ■  

Output  Capacitance 

(VCB  =  10  Vdc.  IE  -  0.  f  =  100kHz) 

Cob 

100 

pF 

Small-Signal  Current  Gain 

hfe 

(lC  =  250  mAdc.  VcE  *  10  Vdc,  f  =  1.0kHz) 

25 

'Indicates  JE  DEC  Registered  Data 

(1)  Pulse  Test:  PW  W  300  Ms,  Duty  Cycle  =^2.0% 


FIGURE  2  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT 


FIGURE  3  -  TURN-ON  TIME 


TURN-ON  PULSE 


VCCO- 


VBEIofl) 


Cjd«C„t,_  . 


SCOPE 


6  ■* 

+4  .0  V 


'1  <  15ns 
100  <  I2<  500» 
13*=  15  ns 
0UTYCYCLE  =  2.0% 


RB  and  Rc 
varied  10 
obtain  desired 


TURN  OFF  PULSE 


30       50    70    100         200     300  500 
lC.  COLLECTOR  CURRENT  (mAI 
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2N4918  thru  2N4920 


FIGURE  4  -  THERMAL  RESPONSE 


There  are  two  limitations  on  the  power  handling  ability  of 
a  transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  \q  -  Vce  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipation 
than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tjipk)  =150°C; 
Tq  is  variable  depending  on  conditions.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  provided 
Tj(pk)—  15G*°C.  At  high  case  temperatures,  thermal  limita- 
tions will  reduce  the  power  that  can  be  handled  to  values  less 
than  the  limitations  imposed  by  second  breakdown. 


1.0  2.0     3.0        5.0    7.0    10  20      30       50     70  100 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  6  -STORAGE  TIME  FIGURE  7  —  FALL  TIME 


IC.  COLLECTOR  CURRENT  (mA)  lc,  COLLECTOR  CURRENT  ImA] 


2N4918thru  2N4920 


TYPICAL  DC  CHARACTERISTICS 


FIGURE  8  -  CURRENT  GAIN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 


2.0  3.0   5.0       10       20    30    50      100     200  300  500     1000  2000 
IC.  COLLECTOR  CURRENT  ImA) 

FIGURE  10  -  EFFECTS  OF  BASE-EMITTER  RESISTANCE 

108  r 


30  60  90  120 

Tj,  JUNCTION  TEMPERATURE  <°C> 


0.2  0.3   0.5      1.0      2.0  3.0    5.0      10        20  30     50      100  200 
1B.  BASE  CURRENT  ImA) 

FIGURE  11  —  "ON"  VOLTAGE 


2.0  3.0    6.0      10      20   30    50      100     200  300  500    1000  2000 
IC.  COLLECTOR  CURRENT  ImA) 


FIGURE  12  -  COLLECTOR  CUTOFF  REGION 


FIGURE  13  -  TEMPERATURE  COEFFICIENTS 


•Tj« 

150° 

c 

IdffC 
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—  25»C 
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2 

-0.1 
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3 
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4 

VBE.  BASE-EMITTER  VOLTAGE  (VOLTS) 


2.0  3.0   5.0      10       20  30     50      100     200  300  500    1000  2000 
IC.  COLLECTOR  CURRENT  (mA) 


2N4921  thru  2N4923 


MEDIUM-POWER  PLASTIC  NPN  SILICON 
TRANSISTORS 

.  .  .  designed  for  driver  circuits,  switching,  and  amplifier  applications. 
These  high-performance  plastic  devices  feature: 

•  Low  Saturation  Voltage -VcE(sat)=  0-6  Vdc  (Max)  @  l;C  =  1 .0  Amp 

•  Excellent  Power  Dissipation  Due  to  Thermopad 

Construction  -  PD  =  30  W  @  T~c  =  25°C 

•  Excellent  Safe  Operating  Area 

•  Gain  Specified  to  lc  =  1.0  Amp 

•  Complement  to  PNP2N4918,  2N4919,  2N4920 


•MAXIMUM  RATINGS 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter -Base  Voltage 


Collector  Current      Continuous  I  1 1 


Base  Currem  Continuous 


Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 


Operating  &  Storage  Junction 
Temperature  Range 


Symbol     2N4921     2N4922  2N4923 


vCEO 


TJ  Tstg 


Watts 
W/°C 


THERMAL  CHARACTERISTICS  (2) 


Characteristic 

Symbol 

Unit 

[  Thermal  Resistance.  Junction  to  Case 

°JC 

4.16 

°C/W 

(1)  The  1 ,0  Amp  maximum  Iq  value  is  based  upon  JEDEC  current  gain  requirements. 

The  3.0  Amp  maximum  value  is  based  upon  actual  current  handling  capability  o*  the  device 
(see  F  igures  5  and  6) 

(2)  Recommend  use  ot  thermal  compound  tor  lowest  thermal  resistance, 
•indicates  JEDEC  Registered  Data. 


FIGURE  1  -  POWER  DERATING 


.  POWER  DISSIPATION  IWATTS) 

o 

o 

25               50                75               1 00               125  150 

TC.  CASE  TEMPERATURE  PCI 
Safe  Area  Curves  are  indicated  by  Figure  5     AM  limits  are  applicable  and  must  be  observed 

3  AMPERE 
GENERAL-PURPOSE 
POWER  TRANSISTORS 

40-80  VOLTS 
30  WATTS 





1 


35- 


PR! 
1  ¥ 


y 


STYLE  1 

PIN  1.  EMITTER 


M»JU4T  2.  COLLECTOR 

"  -1  RACE 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

7.49 

)  75 

!■  -1". 

IJ  1115 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0  125 

G 

2.31 

246 

0.091 

0  1)0  7 

H 

1.27 

2  41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

3  TYP 

3°  TYP 

0 

3  76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0025 

0.035 

u 

3.68 

394 

0  145 

0.155 

V 

1.02 

0.040 

CASE  77-04 
TO-126 
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2N4921  thru  2N4923 


'ELECTRICAL  CHARACTERISTICS   ITC  =  25°C  unless  otherwise  noted] 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  ( 1 ) 

llc  =  0.1  Adc.lB  =  0)  2N4921 

2N4922 
2N4923 

vCEOIsusl 

40 
60 
80 

Vdc 

Collector  Cutoff  Current 

IVCE  =  20  Vdc,  lB  =  0)  2N4921 
IVCE  -  30  Vdc,  lB  -  0)  2N4922 
'^CE  ■  40  Vdc,  lB  =  0)  2N4923 

'ceo 

- 

0.5 
0.5 
0.5 

Collector  Cutoff  Current 

(VrF  -  Rated  VrFn  Vcpinffi  =  1.5  Vdc) 

»  ■  VjC                     *  LiCVJ'      CD  I  Oil  1 

(VCE  -  Rated  VCEO,  VEB(offl  -  1.5  Vdc,  Tc  ■  125°CI 

ICEX 

0.1 
0.5 

mAdc 

Collector  Cutoff  Current 
(VCB  =  Rated  VCB,  lE  =  0) 

'CBO 

0.1 

mAdc 

Emitter  Cutoff  Current 
(VEB  '  5.0  Vdc,  lc  =  01 

'EBO 

10 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (11 

llc  -  50mAdc.  VCE  =  10  Vdc) 
(lc  -  500  mAdc,  VCE  =  1.0  Vdc) 
(lc  =  10  Adc,  VCE  =  1.0  Vdc) 

"FE 

40 
30 
10 

150 

Collector-Emitter  Saturation  Voltage  11) 

vCE(sat) 

0.6 

Vdc 

Base-Emitter  Saturation  Voltage  (1) 
llc  =  1.0  Adc,  lB  =  0.1  Add 

vBEIsatl 

1.3 

Vdc 

Base-Emitter  On  Voltage  (1) 
(lc  =  1.0  Adc.  VCE  =  1.0  Vdc) 

vBE(onl 

1.3 

Vdc 

SMALL-SIGNAL  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(lc  =  250  mAdc,  VCE  =  10  Vdc.  f  =  1.0  MHz) 

H 

3  0 

MHz 

Output  Capacitance 

IVCB  =  10  Vdc.  IE  •  0.  f  =  100  kHz) 

Cob 

100 

pF 

Small-Signal  Current  Gain 

(lc  •  250  mAdc,  VCE  =  10  Vdc.  f  =  1.0  kHz) 

hfe 

25 

111  Pulse  Test:   PWa  300  ys.  Duty  Cvcle  =  2.0%. 


•  Indicates  JE  DEC  Registered  Data 


FIGURE  2  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT  FIGURE  3  -  TURN-ON  TIME 
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2IM4921  thru  2N4923 


FIGURE  4  -  THERMAL  RESPONSE 


There  are  two  limitations  on  the  power  handling  ability  of 
a  transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  I q  •  Vqe  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipation 
than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  150°C; 
Tq  is  variable  depending  on  conditions.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  provided 
Tj(pk}^  150°C.  At  high  case  temperatures,  thermal  limita- 
tions will  reduce  the  power  that  can  be  handled  to  values  less 
the  limitations  imposed  by  second  breakdown. 


20      30        50     70  100 
VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  6  —  STORAGE  TIME 


FIGURE  7  -  FALL  TIME 


30       50    70  100 

lc,  COLLECTOR  CURRENT  MU 


200    300      500  700  1000 


20      30       50    70    100         200  300 
lc.  COLLECTOR  CURRENT  ImA) 


500  700 
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2N4921  thru  2IM4923 


FIGURE  8  -  CURRENT  GAIN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 


10       20  30    50      100     200  300  500 
b  COLLECTOR  CURRENT  {mA) 


0  3   0.5      1.0      2.0  3.0   5.0      10      20  30     50     100  200 
I,,  BASE  CURRENT  (mA) 


FIGURE  1 1  -  "ON"  VOLTAGE 


2.0  3. 


.0  3.0  5.0 


10       20  30    50      100     200  300  500    1000  2000 
le,  COLLECTOR  CURRENT  ImA) 


FIGURE  13  -  TEMPERATURE  COEFFICIENTS 


+2.5 
_+2.0 
S+1.5 

E 

S2  +1.0 
z 

i  +0-5 

I  o 

I  -0.5 
I  -10 

Be 

£-1.5 
-2.0 
-2.5 


'  2.0  3.0  5.0 


20  30    50      100     200  300  500    1000  2000 

lc.C 
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2N5038 
2N5039 


MOTOROLA 





— 


NPN  SILICON  TRANSISTORS 

.  .  .  fast  switching  speeds  and  high  current  capacity  ideally  suit  these 
parts  for  use  in  switching  regulators,  inverters,  wide-band  amplifiers 
and  power  oscillators  in  industrial  and  commercial  applications. 

•  High  Speed -tf  =  0.5/^5  (Max) 

•  High  Current  —  lc(max)  =  30  Amps 

•  Low  Saturation  -  VcE(sat)  =  2.5  V  (Maxl  @  Ic  =  20  Amps 


20  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

75  and  90  VOLTS 


*  MAXIMUM  RATINGS 


Rating 

Symbol 

2N5038 

2N5039 

Unit 

Collector-Base  Voltage 

VCBO 

150 

120 

Vdc 

Collector-Emitter  Voltage 

VCEV 

150 

120 

Vdc 

Emitter-Base  Voltage 

VEBO 

7 

Vdc 

Collector  Current  -  Continuous 
Peak  (1) 

ic 
'cm 

20 

 1  

Adc 

Base  Current  -  Continuous 

'b 

Adc 

Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

?D 

140 

OS 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

«8JC 

1. 25 

°C/W 

■ 


•Indicates  JEDEC  Registered  Data. 

Ill  Pulse  Test:  Pulse  Width  <;  10  ms.  Duty  Cycle  <  50%. 


FIGURE  1  -  SWITCHING  TIME  TEST  CI 


:  1  2  Amps 
=  l>32  =  12  Amps 


2N5039 
10  Amps 

■  <B2  "1-0  Amps 


c 


STYLE  1 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


om 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11. IB 

12.19 

0.440 

0.480 

D 

3.81 

4.19 

0.150 

0.165 

Ft 

26.67 

1.050 

U 

2.54 

3.05 

0.100 

0.120 

NOTES: 

1.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
REFERENCED  T0-3  OUTLINE  SHALL  APPLY. 
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2N5038,  2IM5039 


•ELECTRICAL  CHARACTERISTICS  (Tc  -  26°C  unless  otherwise  notedl. 


Characteristic 


Symbol  Min 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1 ) 

vCEO(sus) 

Vdc 

(IC  "  200  mAdc,  lB  =0) 

2N5038 

90 

2N5039 

75 

2N5038 

ICEX 

50 

mAdc 

(VCE  =  110  Vdc,  VBE(off|- 1.5  V) 

2N5039 

SO 

(VCE  =  100  Vdc.  VBE(offl  =  1 .5  Vdc,  TC  ■ 

150°C)  2N5038 

10 

(VCE  -  85  Vdc.  VBE|0)f)  -  1 .5  Vdc,  TC  = 

150°C)  2N5039 

10 

Emitter  Cutoff  Current 

'E80 

mAdc 

IVEB  =  5Vdc,  lc-0) 

2NS038 
2N5039 

5 
15 

IVEB»7Vdc,  lc=0) 

Both 

50 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

"FE 

(lc  -  12  Adc.  VCE  -  5  Vdcl 

2N5038 

20 

100 

(lc  -  10  Adc.  VCE  -  5  Vdc) 

2N5039 

20 

100 

Collector-Emitter  Saturation  Voltage 

vCE(satl 

2.5 

Vdc 

(IC  =  20  Adc.  IB  =  5  Add 

Base-Emitter  Saturation  Voltage 

VBE(sat) 

3.3 

Vdc 

(lc  =  20  Adc,  lB  =  5  Add 



DYNAMIC  CHARACTERISTICS 

Magnitude  of  Common-Emitter  Small-Signal  SI 

ort -Circuit 

Ihfe1 

12 

Forward  Current  Transfer  Ratio 

llc  -2  Adc,  VCE  -  10  Vdc,  f  -  5  MHz) 

SWITCHING  CHARACTERISTICS 


RESISTIVE  LOAD 


Rise  Time 


Storage  Time 


Fall  Time 


(Vcc  "  3°  Vdc> 

He  ■  12  Adc.  IB1  -  lB2  i  1.2  Adc)  2N5038 
(lc  '  10  Adc.  IB1  -  lB;  -  1  Adc)  2N5039 


•Indicates  JEDEC  Registered  Data. 
(1 )  Pulse  Test :  Pulse  Width  <  300  us.  Duty  Cycle  «  2%. 

FIGURE  2  —  FORWARD  BIAS  SAFE  OPERATING  AREA 


 1 


There  are  two  limitations  on  the  power  handling  ability  of 
a  transistor :  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  -  V£E  limits  of  the  transis- 
tor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

Second  breakdown  pulse  limits  are  valid  for  duty  cycles  to 
10%.  At  high  case  temperatures,  thermal  limitations  may  reduce 
the  power  that  can  be  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown. 
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2N5050 
2N5051 
2N5052 


® 


■ 


MEDIUM-POWER  NPN  SILICON  TRANSISTORS 


.  .  .  designed  for  untuned  amplifier  and  switching  a 

•  High  Voltage  Ratings  — 

vCEO  =  125,  150  and  200  Vdc 

•  Low  Collector-Emitter  Saturation  Voltage  — 

VCE(sat)  "  10  Vdc  (Max)  @  lc  =  0.75  Adc 

•  Packaged  in  the  Compact,  High  Efficiency  TO-66  Case 





2  AMPERE 
POWER  TRANSISTORS 


NPN  SILICON 

125-200  VOLTS 
40  WATTS 


'MAXIMUM  RATINGS 


Rating                              |  Symbol  |  2N5050 

2N5051 

2N5052 

Unit 

Collector-Emitter  Voltage 

vCEO 

125 

150 

200 

Vdc 

Collector-Base  Voltage 

VCB 

125 

150 

200 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  -  Continuous 

ic 

2.0 

Adc 

Base  Current 

Ir 

1.0 

Adc 

Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

Pd 

40 
0266 

Watts 

w/°c 

Operating  Junction  Temperature  Range 

Tj 

-65  to  +175 

°c 

Storage  Temperature  Range 

Tstg 

-65  to  +200 

°C 

'THERMAL  CHARACTERISTICS 

Characteristic 

Unit 

Thermal  Resistance,  Junction  to  Case 

8jC 

3.76 

°c/w 

-- 

"Indicates  JE DEC  Registered  Data. 


FIGURE  1  -  ACTIVE-REG tON  SAFE  OPERATING  AREA 


5.0  10  20      30        50  100 

VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

The  Safe  Operating  Area  Curves  indicate  lc_vCE  limits  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 


SEATING  PLANE 


STYLE  1: 
PIN  1 .  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

1 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

B.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0  034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.95? 

0  9S2 

G 

4.83 

5.33 

0.190 

0.210 

H 

2  41 

2.67 

0.095 

■  ::, 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

0.360 

P 

1.27 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

8. es 

0.350 

T 

3.68 

0.145 

U 

IS  75 

0.620 

is  and  and  Nates  Apply. 


CASE  80-02 
TO-66 
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2N5050,  21M5051,  2IM5052 

ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


'OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Note  11 
(lC  =  200mAdc,  lB  =  01  2N5050 

2N5051 
2N5052 

vCEO(sus) 

125 
150 
200 

Vdc 

Collector-Emitter  Cutoff  Current 
I VCE  =  62.5  Vdc.  1 B  =  01  2N5050 
(VCE  =  75Vdc,  lB  =  0)  2N5051 
IVCE  =  100  Vdc.  IB  =  0)  2N5052 

!CEO 

pop 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCe  =  Rated  VCE0.  VEB(offl  =  1.5  Vdcl 
IVCE  =  Rated  VCE0,  VEB(off)  =  1.5  Vdc.  Tc  =  150°C) 

!CEX 

0.5 
5.0 

mAdc 

Emitter-Base  Cutoff  Current 
(VBE  =  6.0Vdc,  lc  =  0l 

'E80 

0.1 

mAdc 

*ON  CHARACTERISTICS 

DC  Current  Gain  (Note  11 
dC  =  0.75  Adc,  VCE  =  5.0  Vdc) 
(lc  =  1.0  Adc,  VCE  =  5.0  Vdc) 
(lC  =  2.0  Adc.  VCE  =  5.0  Vdc) 

hFE 

25 
25 
5.0 

100 

Collector-Emitter  Saturation  Voltage  (Note  1) 
(lC  =  0.75  Adc,  lB  =  0.1  Add 
(lC  =  2.0  Adc,  lB  =0.4  Adc) 

VCEIsatl 

1.0 
5.0 

Vdc 

Base-Emitter  On  Voltage  (Note  1) 
(lC  =  0.75  Adc,  VCE  =  5.0  Vdc) 

vBE(on) 

1.2 

Vdc 

•DYNAMIC  CHARACTERISTICS 

Current-Gain— Bandwidth  Product 
(lC  =  250  mAdc,  VCE  =  10  Vdc.  f  =  5.0  MHz) 

h- 

10 

MHz 

Small-Signal  Current  Gain 
(lC  -  250  mAdc,  VCE  =  10  Vdc,  f  =  1.0  kHz) 

hfe 

25 

_ 

Common  Base  Output  Capacitance 
(VCB  =  10  Vdc.  IE  =  0,  f  =  100  kHz) 

Cob 

250 

pF 

'SWITCHING  CHARACTERISTICS 

Rise  Time 

(VCC  °  120  Vdc,  IC  =  750  mAdc, 
R|_  =  150  Ohms, 
'B1  "  'B2  "  100  mAdc) 

tr 

300 

ns 

Storage  Time 

ts 

3.5 

us 

Fall  Time 

tf 

1.2 

US 

Notel:  Pulse  Test:  Pulse  Width  S 300  us.  Duty  Cycle  52.0%. 


FIGURE  2  -  THERMAL  RESPONSE 


•indicates  J 


2.0  5.0  10 

I.  TIME  (ms) 
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2N5190  thru  2N5192 


® 


MOTOROLA 


SILICON  NPN  POWER  TRANSISTORS 

...  for  use  in  power  amplifier  and  switching  circuits,  —  excellent  safe 
area  limits.    Complement  to  PNP  2N5193.  2N5194.  2N5195 


•MAXIMUM  RATINGS 


I  1 

Rating 

Symbol 

2N5190 

2NS191 

2N519Z 

Unit 

Collector-Emitter  Voltage 

uCEO 

10 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

-10 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

—                 5  0   — 

Vdc 

Collector  Current 

'C 

-                 40   - 

Adc 

Base  Current 

>B 

10      -  - 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

PD 

40 
320 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-Titg 

—  65  to  MS0   - 

°C 

THERMAL  CHARACTERISTICS 


4  AMPERE 
POWER  TRANSISTORS 
SILICON  NPN 


40-80  VOLTS 
40  WATTS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

8jc 

3  12 

•ELECTRICAL  CHARACTERISTICS  ITC  .  25°C  unle5s  c 

therwise  nowdl 

Characteristic 

|    Symbol     |  Min 

|  Ma« 

]    Unit  | 

OFF  CHARACTERISTICS 

/to} 

////// 

////// 

Collector  EmitterSustainino  Voltage  (1) 

VCEO(sus) 

Vdc 

dC-0.1  Adc.  lB  =  0l 

2N5190 
2N5191 
2N5192 

40 

60 
80 

Collector  Cutoff  Current 

!CEO 

mAdc 

(VCE  =40  Vdc.  IB  =  0) 

2N5190 

1.0 

(VCE  =  60  Vdc,  Iq  =  0) 

2N5191 

10 

<VCE  =80  Vdc.  IB  =0) 

2N5192 

1  0 

Collector  Cutoff  Current 

'CEX 

mAdc 

(VCE  =40  Vdc.  V£B(offl  -  1-5  Vdcl 

2N5190 

0.1 

IVcE=E0Vdc,  VEB(off)  =  1  5  Vdc! 

2N5191 

0.1 

(VCE  =80  Vdc.  VEBloff,  „  ,  5  vdc) 

2N5192 

0  1 

(VcE  =40  Vdc,  VEB(0f()  =  1 .5  Vdc, 

2N5190 

2  0 

Tq"  125°C) 

(VCE  =60  Vdc,  VeB(off)  *l-5  Vdc. 
TC=  125°C) 

2IM5191 

2.0 

(VCE  =80  Vdc.  VEB(Dff)  =  1  5  Vdc. 
Tc  =  125°CI 

2N5192 

2.0 

Collector  Cutoff  Current 

'CBO 

mAdc 

(VcB  =  40  Vdc.  'E  "01 

2N5190 

0.1 

(Vcb  =6°  Vdc-  'E  =0' 

2N5191 

0.1 

( VCB  =  80  Vdc,  lE  =0) 

2N5192 

0,1 

Emitter  Cutoff  Current 

'EBO 

mAdc 

IVBE  =5  0  Vdc.  lc  =  0) 

1  0 

ON  CHARACTERISTICS 

DC  Current  Ga.n(  1) 

"PE 

(lc=1.5Adc,VCE=2.0Vdc) 

2N5190 

25 

100 

2N5191 
2N5192 

25 
20 

100 
80 

(lC  =  4.0  Adc,  VCE  =  2.0  Vdc) 

2N5190 

10 

2N5191 
2N5197 

10 

7.0 

Collector  Emitter  Saturation  Voltagelll 
Uc  =  1 .5  Adc,  lg  =  0,15  Adc) 

vCE(sat) 

0.6 

Vdc 

UC  -4.0  Adc,  lg  -  t  .O  Adc) 

1.4 

Base-EmitterOn  Voltage(l) 
(IC  =  1  -5  Adc,  Vce  c2  °  Vdc) 

vBE(on] 

1.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gam-Bandwidth  Product 

ft 

MHz 

(lC=  1-0  Adc,  VCE  -  10  Vdc,  f  -  I.OMHil 

2.0 

•Indic«t«  JEOEC 


»  Width  <300       Duty  Cycle  <2.0% 


B     h*  F 

£5G  ♦juj 


STYLE  1 
PIN  I.E: 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

8 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

0 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3  18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

DTYP 

3°TYP 

Q 

3.76 

4.01 

0148 

0.158 

R 

1.14 

1.40 

0.045 

S  055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

<—— 

0.040 

- 

1 


TO- 126 
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2N5190thru  2N5192 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 


IB.  BASE  CURRENT  (mA) 


FIGURE  3  -  "ON"  VOLTAGES 


FIGURE  4  -  TEMPERATURE  COEFFICIENTS 


0.005    0.01     0.02  0.03  0.05  0.1 


0.2  0.3    05     1.0       2.0  3.04.0 
lC.  COLLECTOR  CURRENT  (AMP) 


+2.5 
+2.0 
.  +1.5 


0.005  0.01 


■9Vfor  VcElsatr 


0V  *or  Vbe 


i  i  linn  i  i  n 

APPLIES  FOR  Ic/lB  <s  hFE/2 
Tj-  -65°Cto+150°C 


0.02  0.03  0.05     0.1       0.2  0.3    0.5     1.0       2.0  3.0  4.0 
lC.  COLLECTOR  CURRENT  (AMP) 
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2N5190  thru  2IM5192 


FIGURE  5  -  COLLECTOR  CUT-OFF  REGION  FIGURE  6  -  EFFECTS  OF  BASE-EMITTER  RESISTANCE 
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Tj,  JUNCTION  TEMPERATURE  l°CI 

Vbe,  BASE  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  9 


-  TURN-ON  TIME 


0.2      0.3        0.5   0.7  1.0 
IC,  COLLECTOR  CURRENT  (AMPI 


FIGURE  10  -  TURN-OFF  TIME 
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C^i  I  n<gVcc°30V 


-  m@vcc  =  iov 


±± 


XL 
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IC.  COLLECTOR  CURRENT  (AMP) 
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2N5190thru  2N5192 


FIGURE  11  RATING  AND  THERMAL  DATA 
ACTIVE-REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq  -  VrjE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  i 


The  data  of  Figure  11  is  based  on  Tjfpk)  =  150°C;  Tq  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(pL;}  <  1 50°C.  At  high 
case  temperatures,  thermal  limitations  will  reduce  the  power  that 
can  be  handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown. 


VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  12  -  THERMAL  RESPONSE 


0.02   0.03  0.05 


0.2  0.3 


0.5 


1.0 


I  Tl 


2.0  3.0  5.0  10 
IME  OR  PULSE  WIDTH  (ms) 


DESIGN  NOTE:  USE  OF  TRANSIENT  THERMAL  RESISTANCE  DATA 

SURE  A 


i 

I"  


i/i- 


DUTY  CYCLED  Ml  I 
PEAK  PULSE  POWER- 


A  tram  of  periodical  power  pulses  can  be  represented  by  The  model 
shown  in  Figure  A.  Using  the  model  and  the  device  thermal  re- 
sponse, the  normalized  effective  transient  thermal  resistance  of 
Figure  12  was  calculated  for  various  duty  cycles. 

To  find  0jc(t),  multiply  the  value  obtained  from  Figure  12  by 

the  steady  state  value  Ojq. 
Example: 

The  2N5190  is  dissipating  50  watts  under  the  following  condi- 
tions: ti  =  0.1  ms,  tp  -  0.5  ms.  (D  =  0.2). 

Using  Figure  12,  at  a  pulse  width  of  0.1  ms  and  D  =  0.2,  the 

reading  of  rlt|,  Dl  is  0.27. 

The  peak  rise  in  junction  temperature  is  therefore: 

aT  =  r(tl  X  Pp  X  fljC  *  0.27  X  50  X  3.12  =  42.2°C 


2N5193  thru  2N5195 


fM)  MOTOROLA 


SILICON  PNP  POWER  TRANSISTORS 

.  .  for  use  in  power  amplifier  and  switching  circuits,  -  excellent  safe 


area  limits.    Complement  to  NPN  2N5190,  2N5191,  2N5192 


 ' 


•MAXIMUM  RATINGS 


4  AMPERE 
POWER  TRANSISTORS 
M  P 


40-80  VOLTS 
40  WATTS 


Collector  Emitter  Voltage 


Collector  Base  Voltage 


Emitter  Base  Voltage 


Collector  Current 


Base  Current 


Total  Power  Dissipation  @  Tc  -  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol    2N5193    2N5194  2N5195 


vCEO 


VEB 


Tj.Ts 


-40  - 
-320  - 


--65  to +150- 


Watts 
mW/°C 


°cm 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

3.12 

°C/W 

■ELECTRICAL  CHARACTERISTICS  ITC-  2S°C  unlra oih««t>  nondl 


E 


Characteristic 


OFF  CHARACTERISTICS 


Coll oc lor -Emitter  Sustaining  V 
(IC  =  0.1  Adc.  iB  =  0) 

oitage  11) 

2N5193 
2N5194 
2N5195 

vCEOIsusI 

40 
60 
80 

Collector  Cutoff  Current 

'CEO 

mAdL 

tvCe=40Vdc.  ib  =  oi 

(VC£-60Vdc.  IB  =  0. 
1VC6  ■  80  Vdc.  18  =  01 

2N5193 
2N5194 
2N5195 

10 
1.0 
1.0 

Collector  Cutoff  Current 

(VCE-40VdC.  VBE,otfl- 
tVCE  =  60  Vdc.Va€lo(f)  = 
IVC£  =  80Vdc.VBE(off(  = 
(Vce  =  40Vdc.  VBE,oM,  = 

Tc  =  125°C) 
IVCE  =  60Vdc.VBE(off)  = 

TC  -  125°C) 
IVCE  =  80Vdc,  VBE(of„  = 

TC  =  1 25°C) 

1.5  Vdc)  2NS193 
1.5  Vdd  2N5194 

'CEX 

0.1 

0.1 

mAdc 

1.SVdd  2N5195 
1.5  Vdc.  2N5193 

1,5  Vdc.  2N5194 

1 .5  Vdc,  2N5195 

0.1 
2.0 

2.0 

2.0 

Collector  Cutoff  Currant 

'CBO 

mAdc 

(Vcb  =  <0  Vdc.  fE  ■  0) 
IVcB  '  60  Vdc.  IE  -  01 
(VCB-  80  Vdc.  IE  •  0) 

2N5193 
2N5194 
2N5195 

0.1 
0,1 

0  1 

Emitter  Cutoft  Current 
(VBE  -  5.0  Vdc,  lC  =  0! 

"ebo 

1.0 

mAdc 

ON  CHARACTERISTICS 


DC  Current  Gain  (1) 

HC  -  1  5  Adc,  VCE  -  2,0  Vdc)  2N5193 
2N5194 
2N5195 

llC  -  4  0  Adc.  VCE  -  2.0  Vdc)  2N5193 
2N5194 
2N5195 

nFE 

25 
25 
20 
10 
10 
7.0 

100 
100 
80 

tlc  "  1.5 Adc,  ig  =  0.15  Adc) 
(lc-40Adc,lB=  1.0  Adc) 

VCEIwl 

0.6 
1  A 

Vdc 

B«J«-Em.tttr  On  Voltage  (11 

(lC-  15  Adc,  Vce  "  2  0Vdcl 

VBEton) 

1.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain-Bandwidth  Product 

(lC  -  1.0  Adc,  VCE.=  10  Vdc.  .  -  I.OMHil 

2.0 

MHz 

til  Pulw  T*tt:  Pul..  VWIdthS  30011V  Doty  CVc»S2.0*. 


A 


STYLE  1 

PIN  1.  EMITTER 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7,49 

7.75 

0.295 

0.305 

c 

2.41 

2.67 

0.095 

0.105 

D 

0.61 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0  116 

0.125 

G 

2.31 

2.46 

0  091 

0  097 

H 

1.27 

2.41 

0.050 

0.096 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

'TYP 

3°T 

YP 

0 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

j  05: 

S 

0.64 

0  89 

0.025 

C  03i 

U 

3.68 

3.94 

0.145 

0.155 

v 

1.02 

0.040 

CASE  77  04 
TCM26 
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2N5193  thru  2N5195 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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Tj  =  25°C 
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FIGURE  3  -  "ON"  VOLTAGE 


FIGURE  4  -  TEMPERATURE  COEFFICIENTS 


*25 

+2.0 

> 

+  1.5 

s 

♦  1.0 

♦0  5 

o 

0 

UHE 

-05 

< 
cc 

-1.0 

OJ 

o. 

-15 

1- 

-20 

-2  5 

i  1 1 1  mi 

•APPLIES  FOR  IC/H 

1   1  1 
<hFE/2- 

-65°Cto+150°C 

V 

CE 

• 

)V 

:f 

)r 

(sail 

6 

VB 

fo 

r 

1 

!E 

0.01     0.02  0.03  0.06     0.1      0.2  0.3    0.5     1.0       2.0  3.0  4.0 
IC.  COLLECTOR  CURRENT  (AMPI 


0.01     0.020.03  0.05     0.1      0.2  0.3    0.5     1.0       2.0  3.04.0 
IC.  COLLECTOR  CURRENT  (AMPI 


3-95 


2N5193thru  2N5195 


FIGURE  5  -  COLLECTOR  CUT-OFF  REGION  FIGURE  6  -  EFFECTS  OF  BASE-EMITTER  RESISTANCE 


FIGURE  7  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT 

TURN-ON  PULSE 

^m-L  r  —^k- 

SCOPE 


FIGURE  8  -  CAPACITANCE 


-Ik-  APPROX  „ 

I  I-  t9.o  V  Cjd«Ceb^. 

v»  1  U\- 

I  /  I  +4.0  V 


I 
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-11  V 


I 

"  100 


TURN-OFF  PULSE 


tl  <  7.0  ns 
100<t2<600ws 
13  <  15  ns 
OUTY  CYCLE  *  2.0% 


Rg  AND  Rc  VARIED 
TO  OBTAIN  DESIRED 
CURRENT  LEVELS 
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- 

c 
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cb" 

- 
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Vr,  REVERSE  VOLTAGE  (VOLTS) 
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2N5193  thru  2N5195 


RATING  AND  THERMAL  DATA 
ACTIVE-REGION  SAFE  OPERATING  AREA 





Tj«150°C 


Secondary  breakdown  limit 

 Thermal  limit  @  Tc  =  25°C 

 —   Bonding  wire  limit 


-Curves  apply  below  rated  VcEO 


VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


Notel: 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  -  V^E  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 


The  data  of  Figure  1 1  is  based  on  Tj(pk)  =  1 50°C.  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pt<)  ^  150°C.  At  high-case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown. 


FIGURE  12  -  THERMAL  RESPONSE 


0.02 


0.5        1.0         2.0    3.0      5.0  10 
t.  TIME  OR  PULSE  WIDTH  (mti 


50        100  200 


300     500  1000 


DESIGN  NOTE:  USE  OF  TRANSIENT  Tl 


FIGURE  A 

 tp  


DUTY  CYCLE  0-tl-f- - 
'p 

PEAK  PULSE  POWER  *  Pp 


A  train  of  periodical  power  pulses  can  be  represented  by  the  model 
shown  in  Figure  A.  Using  the  model  and  the  device  thermal  re- 
sponse, the  normalized  effective  transient  thermal  resistance  of 
Figure  12  was  calculated  for  various  duty  cycles. 

To  find  0jc(t),  multiply  the  value  obtained  from  Figure  12  by 

the  steady  state  value  9jc- 

Example: 

The  2N5193  is  dissipating  50  watts  under  the  following  condi- 
tions: ti  =  0.1  ms,  tp  =  0.5  ms.  (D  *  0.2). 

Using  Figure  12,  at  a  pulse  width  of  0.1  ms  and  D  =  0.2,  the 
reading  of  r(ti,  D)  is  0.27. 

The  peak  rise  in  junction  temperature  is  therefore: 

AT  >  r(t)  X  Pp  X  8jC  =  0.27  X  50  X  3.12  -  42.2°C 
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2N5301 
2N5302 

2N5303  ^Cy 


HIGH-POWER  NPN  SILICON  TRANSISTORS 


.  .  for  use  in  power  amplifier  and  switching  circuits  applications. 

High  Collector-Emitter  Sustaining  Voltage  — 

BVcEO(sus)  =  80  Vdc  <Min)  @  lC  =  200  mAdc  (2N5303) 

Low  Collector-Emitter  Saturation  Voltage  — 

vCE(sat)  =  0.75  Vdc  (Max)  @  lC  =  10  Adc  (2N5301,  2N5302) 
1.0  Vdc  (Max)  @  lc  =  10  Adc  (2N5303) 

Excellent  Safe  Operating  Area  — 

200  Watt  dc  Power  Rating  to  30  Vdc  (2N5303) 

Complements  to  PNP  2N4398,  2N4399  and  2IN5745 


•maximum  ratings 


Rating 


Collector-Emitter  Voltage 


Col  lector- Base  Voltage 


Collector  Current  -  Continuous 


Total  Device  Dissipation  @Tfj  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 

HERNIAL  CHARACTERISTICS 


— 


Symbol     2N5301     2N5302  2N5303 


VCEO 


VCB 


Tj-Tstg 


40 


60 


80 


■  200  - 
-1.14  - 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Thermal  Resistance,  Case  to  Ambient 


Symbol 


Max 


0875 


»CA         34  < 


Indicates  JEDEC  Registered  Data. 


FIGURE  1  -  POWER  TEMPERATURE  DERATING  CURVE 


TA  Tc 
8.0  200 


0  u 


80  1  00  120  140  160 
TEMPERATURE  (°CI 


STYLE  I: 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


NOTE: 

I.  DIM  "0"  IS  DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

D.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0675 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.84 

4.09 

0.151 

0.161 

R 

26.67 

1.050 

Collector  connected  to  case 
CASE  1101 
(T03) 
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ELECTRICAL  CHARACTERISTICS  (TC 
I  Char*ct«ri«tic 


>  25°  unless  otherwise  noted) 


|     Symbol     I  MirT 


•OFF  CHARACTERISTICS 


ON  CHARACTERISTICS 
DC  Current  Gain  {Note  1) 
•<iC  =  1 .0  Adc,  VCE  =  2.0  Vdc) 
•He  -  10  Adc,  VCE  =  2.0  Vdc) 
*UC  "  15  Adc.  VCE  ■  2  0  Vdc) 
(lC  =  20Adc,  VCE=4.0Vdc) 
<lC  =  30Adc,  VCE  =4.0  Vdc) 


ALL  TYP£S 
2N5303 

2N5301.2N5302 


'Collector-Emitter  Saturation  Voltage  (Note  1) 
(tC=  10  Adc.  IB=  1.0  Adc) 
0c=  10  Adc,  lB=  1.0  Adc) 
(ICa  15  Adc,  lB  =  1.5  Adc) 
He  =  20  Adc,  lB  =  2.0  Adc) 
llC  =  20  Adc,  lB  =  4.0  Adc) 
(IC  =  30  Adc,  lB  =  6.0  Adc) 


2N5301.2N5302 


2N5303 

2N  5301, 2  N 5302 


■Base-Emitter  Saturation  Voltage  (Note  1 ) 
(IC  =  10  Adc,  lB  -  1.0  Adc) 
(lc-  15  Adc,  l8  =  1.5  Adc) 
(IC  =  15  Adc,  t8  =  1.5  Adc) 
(lc  =  20  Adc,  iB  =  2.0  Adc) 
(lC  =  20Adc,  lB  =  4.0  Adc) 

•Base-Emitter  On  Voltage  (Note  1} 
<  I  c  a  1 0  Adc,  Vce  -  2.0  Vdc) 
(lc  =  15  Adc,  VCe  =  2  0  Vdc) 
Oc  =  20  Adc,  Vce  3  4 -0  Vdc) 
( I C  =  30  Adc,  Vce  ?  4-0  Vdc) 


ALL  TYPES 

2N5301,2N5302 

2N5303 

2N5301.2N5302 
2N5303 


2N5303 

2N5301,2N5302 
2N5303 

2N  530 1,2N 5302 


'DYNAMIC  CHARACTERISTICS 


INPUT  PULSE 
tr  <  20  ns 
PW=10to  100 
DUTY  CYCLE  =  2.0% 


s  JE  DEC  Registered  Data. 

PuIm 'Test:  Pul«o  Width  £  300  fit,  Outy  Cycle  £  2.0%. 

SWITCHING  TIME  EQUIVALENT  TEST  CIRCUITS 

FIGURE  2  -  TURN-ON  TIME 

vec 

Q  +30  V 


Collector-Emitter  Sustaining  Voltage  (Note  1) 

(lC  =  200mAdc,  lB  =  0)  2N5301 

2N5302 

2N6303 

VCEOIlul) 

40 
60 
80 

- 

- 

Cotlector  Cutoff  Current 
(VCE -40  Vdc.  IB'OI  2N5301 
(VCE -60  Vdc.  IB- 01  2N5302 
(VCE-80Vdc.  IB-0I  2N5303 

ICEO 

- 

5.0 
5.0 
5.0 

mAdc 

Collector  Cutoff  Current 
(Vce  =  40  Vdc.  VEB(off)  =  1.5  Vdc)  2N5301 
IVCE  -  60  Vdc,  VEBIoffl  "  '  5  Vdcl  2N5302 
(Vce  =  60  Vdc.  VEB(off)  =  15  Vdc)  2N5303 

ICEX 

- 

1.0 
1.0 
1.0 

mAdc 

Collector  Cutoff  Current 
(VCE  "  ♦<>  Vdc.  VebIoHI  "  1,6  Vdc.  TC  -  150°C)  2N6301 

'CEX 

10 

mAdc 

(VCE  -  60  Vdc.  VEB|off)  "  1  6  Vdc.  Tc  -  150°CI  2N5302 
(VCE  -  86  Vdc.  VEB(offl  "  >j5  Vdc,  Tc  •  150°CI  2NS303 

10 
,0 

Collector  Cutoff  Current 
(VCB  "  40  Vdc.  IE  -  0)                                                     2N  530I 
(VCB-60Vdc,  lE -0)                                                     2N  5302 
(VCB  =  80  Vdc.  IE  -  01  2N5303 

ICBO 

1.0 
1.0 
1.0 

Emitter  Cutoff  Current 
(Vbe  3  5.0  Vdc,  lc  =  0) 

'EBO 

5.0 

mAdc 

Current-Gain— Bandwidth  Product 
llC  -  1.0  Adc,  VCE  "  10  Vdc,  f  -  1.0  MHz) 

<T 

2.0 



Small-Signal  Current  Gain 
(lc=  1.0  Adc,  VCE  =  lOVdc.f  «  1.0  kHz! 

"fa 

40 

SWITCHING  CHARACTERISTICS 

Rise  Time 

IVcc-30Vdc.  IC-  10  Adc,  lB,  -  lB2  -  1.0  Add 

tr 

1.0 

MS 

Storage  Time 

h 

2.0 

MS 

Fall  Time 

1.0 

MS 

INPUT  PULSE 
tr  <  20  ns 
PW=  10  to  100  us 
DUTY  CYCLE  =  2.0% 


FIGURE  3  -  TURN-OFF  TIME 

vec 


10 


-9.0  V 

□ 

0:  COLLECTOR-BASE  DIODE 
OF2N3252. 


VRB-7.0V 
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2N5301,2N5302,  2IM5303 


FIGURE  4  -  THERMAL  RESPONSE 


2.0  3.0 

VCE.  COLLECTOR-EMITTER  VOLTAGE  IVOLTSI 


-Tj 

■25 

>C 

-  c 

ob 

r 

2.0     3.0       5.0   7.0  10 
Vr.  REVERSE  VOLTAGE  (VOLTS) 


FIGURE  7  -  TURN-ON  TIME 


FIGURE  8  -  TURN-OFF  TIME 


0.03  0.05     0.1     0.2  0.3   0.5      1.0     2.0  3.0   5.0      10      20  30 
IC,  COLLECTOR  CURRENT  (AMPI 


0.03  0.05    0.1  0.3  0.5     1.0  3.0   5.0      10  30 

IC.  COLLECTOR  CURRENT  (AMP) 
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2N5301,2N5302,  2IM5303 
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2N5336 

thru 
2N5339 


® 


MOTOROLA 


MEDIUM-POWER  NPN  SILICON  TRANSISTORS 

.  designed  for  switching  and  wide  band  amplifier  applications. 
Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  *  1-2  Vdc  (Max)  @  lC  =  5.0  Amp 
DC  Current  Gain  Specified  to  5  Amperes 
Excellent  Safe  Operating  Area 

Packaged  in  the  Compact  TO-39  Case  for  Critical  Space-Limited 

Applications 
Complement  to  2N6190  thru  2N6193 


5  AMPERE 
POWER  TRANSISTORS 
NPN  SILICON 


80-100  VOLTS 
6  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

2N5336 
2N5337 

2N5338 
2N5339 

Unit 

Collector-Emitter  Voltage 

VCEO 

80 

100 

Vdc 

Collector-Base  Voltage 

VCB 

80 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous 

'e 

5.0 

Adc 

8ase  Current 

'8 

1.0 

Adc 

Total  Device  Dissipation  @  Tc  -  25°C 
Derate  above  25°C 

6.0 
34.3 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ. Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

SJC 

29.2 

°C/W 

FIGURE  1  -  POWER  TEMPERATURE  DERATING  CURVE 


GO  80 

Tc,  CASE  TEMPERATURE  (°C) 

Safe  Area  Curves  are  indicated  by  Figure  5.  All  limits  are  applicable  and  must  be  observed. 


I 

M 

3  J 

—  y"J 

'*/ 

DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

889 

9.40 

0  350 

0  370 

B 

8.00 

851 

(1  31b 

(J  335 

C 

6  10 

6.60 

0  240 

0.260 

0 

0  406 

0  533 

0016 

0  031 

E 

0  229 

3  18 

0.009 

0.125 

F 

0  406 

0  J83 

0016 

0019 

G 

4.B3 

5.33 

0.190 

0.210 

H 

[1:11 

0.864 

0.028 

0.034 

J 

0.737 

1  02 

0  029 

0040 

K 

12.70 

0  500 

L 

6.35 

0.250 

M 

45"  NOM 

45°  ^ 

0M 

P 

-      |. .27 

-     1  0.050 

0 

90"  NOM 

90c  no;.; 

R 

2.54  |  - 

0 100 1  - 

All  JEOEC  dimensions  and  notes  apply 


CASE  79-02 

(TO-39) 
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2N5336  thru  2N5339 


ELECTRICAL  CHARACTERISTICS   (Tc  -  25°C,  unless  otherwise  noted) 


Characteristic 


Fig.  No. 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage* 
(lc=50mAdc.  IB  =  0) 

2N5336,  2N5337 
2N5338,  2N  5339 

8VCE0(sus)* 

80 
100 

Vdc 

Collector  Cutoff  Current 

'CEO 

MAdc 

(Vce-75  Vdc.  IB  =  0) 

2N5336,  2N5337 

100 

<VCE  =  90  Vdc,  lB  =  0) 

2N5338,  2N5339 

100 

Collector  Cutoff  Current 

12 

ICEX 

MAdc 

(VCE  =  '5  Vdc,  VEB(off)  "  15  vdc> 
(VCE  -  90  Vdc.  VEB(off)  "  1-5  Vdc) 
(VCE  -  75  Vdc.  VEB(0ff)  -  15  Vdc. 
TC-  150°CI 

2NS336,  2N5337 
2N  5338,  2N5339 
2N5336,  2N5337 

10 
10 

1.0 

mAdc 

(VCE-90Vdc.VEB(off)-  1.5  Vdc. 
TC  -  150°C) 

2N  5338,  2N  5339 

1.0 

Collector  Cutoff  Current 
(VCB  =  80  Vdc,  lE  '  0) 

 :  

ICB0 

MAdc 

2N5336,  2N5337 

10 

(VC8  =  100Vdc,  lE  =  0) 

2N5338,  2N  5339 

10 

Emitter  Cutoff  Current 

lEBO 

MAdc 

<VBE  =  6.0  Vdc,  lC  -  0) 

100 

ON  CHARACTERISTICS 

DC  Current  Gain* 

8 

hFE* 

IIC  =  500  mAdc,  VCE  -  2.0  Vdc) 

2N5336.  2N5338 

30 

2N5337,  2N5339 

60 

(lc-2.0Adc,VCE  =  2.0  Vdc) 

2N5336,  2N5338 

30 

120 

2N5337.  2N5339 

60 

240 

llc  -  5.0  Adc,  VCE  -  2.0  Vdc) 

2N  5336,  2N5338 
2N5337.2N5339 

20 
40 

Collector-Emitter  Saturation  Voltage* 

9, 11, 13 

vCEIsat)* 

Vdc 

(IC=  2.0  Adc,  lB  -0.2  Add 

0.7 

(lc  =  5.0  Adc,  lB  =  0.5  Add 

1.2 

Base-Emitter  Saturation  Voltage 
(lc«  2.0  Adc.  IB  -  0.2  Add 

11,  13 

vBE(sat)* 

1.2 

Vdc 

(IC  =  5.0  Adc,  lB  =  0.5  Add 

1.8 

DYNAMIC  CHARACTERISTICS 


Current-Gain-Bandwidth  Product 

(lc  -  0.5  Adc,  VCE  -  10  Vdc,  f  =  10  MHz) 

ft 

30 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc,  lE  -  0,  f  =  100  kHz) 

7 

C0b 

250 

pF 

Input  Capacitance 

(VBE  =  2.0  Vdc,  lc  -  0,  f  -  100  kHz) 

7 

Cib 

_ 

1,000 

pF 

SWITCHING  CHARACTERISTICS 

Delay  Time 

(VCC  =  40  Vdc.  VEBIoff,  =  3.0  Vdc. 
(IC  ■  2.0  Adc.  IB1  -  0.2  Adc) 

2.3 

<d 

100 

ns 

Rise  Time 

«r 

100 

ns 

Storage  Time 

(Vcc  =  40  Vdc,  Irj  =  2.0  Adc. 
>B1  "  lB2=  °-2  Adc) 

2,6 

<s 

2.0 

MS 

Fall  Time 

%s 

200 

ns 

FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 


-11.6  V  VCC 
,37  V  ?  <f* 


FIGURE  3  -  TURN-ON  TIME 


--  1 0  MS  -«■ 

INPUT  PULSE  o_ 


t,  tf  <  1 0  ns 
d!c.  -  1.0% 


25  MF  82 
_|(  VA  


0.02        0.05     0.1       0.2          0.6      1.0       2.0         5.0  10 
IC.  COLLECTOR  CURRENT  IAMPSI 
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2N5336  thru  2N5339 


FIGURE  4  —  THERMAL  RESPONSE 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  han- 
dling ability  of  a  transistor:  junction  temperature 
and  secondary  breakdown.  Safe  operating  area 
curves  indicate  Irj— Vqe  limits  of  the  transistor 
be  observed  for  reliable  operation; 


0.02 
0.01 


1.0  2.0     3.0       5.0    7.0    10  20 

VCE,  COLLECTOR-EMITTER  VOL! 


i  than  the  curves  indicate. 
The  data  of  Figure  5  is  based  on  Tjip^j  = 
200°C;  Tc  is  variable  depending  on  conditions. 
Pulse  curves  are  valid  forduty  cyclesof  10%  pro- 
videdTjipk)  <200°C.  Tj(p^)  maybe  calculated 
from  the  data  in  Figure  4.  At  high  case  tem- 
peratures, thermal  limitations  will  reduce  the 


limitations  imposed  by  secondary  break- 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCE  v 


0.05      0.1       0.2         0.5      1.0  2.0 
IC.  COLLECTOR  CURRENT  (AMPS) 


- 

c 

1) 

■ 

5° 

C  - 

i-ob 

1  1 

3.0        5.0    7.0  10 

Vr.  REVERSE  VOLTAGE  (VOLTS) 
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2N5336  thru  2N5339 


FIGURE  8  —  DC  CURRENT  GAIN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 


0,0070.01     0.02  0.03  0.05     0.1       0.2  0.3   0.5      1.0       2.0  3.0   5.0  7.0 
IC.  COLLECTOR  CURRENT  IAMPSI 


0.5      1.0      2.0  3.0    5.0      10       20  30     50      100     200  300  500 
lB.  BASE  CURRENT  ImA) 


FIGURE  10  -  EFFECTS  OF  BASE-EMITTER 
RESISTANCE 


40       60      80      100     120      140     160      180  200 
Tj.  JUNCTION  TEMPERATURE  t°C) 


-0.4        -0.2  0  0.2  0.4  0.6  0.8 

VBE.  BASE-EMITTER  VOLTAGE  (VOLTS) 


1.0 


FIGURE  11  -  ON  VOLTAGES 


0.01     0.02        0.05     0.1      0.2         0.5      1.0      2.0  3.0    5.0  10 
IC.  COLLECTOR  CURRENT  IAMPSI 


FIGURE  13  -  TEMPERATURE  COEFFICIENTS 


0.01     0.02  0.03  0.05     0.1      0.2  0.3  0.5      1.0      2.0  3.0   5.0  10 
IC.  COLLECTOR  CURRENT  (AMPS) 
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2N5344 
2N5345 


© 


MOTOROLA 


HIGH  VOLTAGE  POWER  PNP  SILICON  TRANSISTORS 

.  .  .  designed  for  high-voltage  switching  and  amplifier  applications. 

•  High  Voltage  Ratings  -  VcEO  =  250  and  300  Vdc 


•  Fast  Switching  Times  —  Typically  Less  Than  550  ns 

Total  @>  Vcc  =  100  Vdc 

•  High  Current-Gain-Bandwidth  Product  - 

fT  =  60  MHz  (Min)  @  lc  =  100  mAdc 

•  Fackaged  in  the  Compact,  High-Efficiency  TO-66  Case 


MAXIMUM  RATINGS 


Rating 

Symbol 

2N5344 

2N5345 

Unit 

Collector-Emitter  Voltage 

V 

CEO 

250 

300 

Vdc 

Collector-Base  Voltage 

VCB 

250 

300 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  —  Continuous 

h 

 1 

1.0 

Adc 

Base  Current  —  Continuous 

0.5 

Adc 

Total  Device  Dissipation  <g  Tc  =  25°  C 
Derate  above  25°  C 

PD 

40 

228 

Watts 

mW/"C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tslg 

-65  to  -»200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

•jc 

4.38 

°c/w 

1  AMPERE 


POWER  TRANSISTORS 
PNP  SILICON 


50 

45 

_  40 

<  35 
3 

|  30 

5  20 
1  « 

£  ,0 

5.0 
0 

FIGURE  1  -  POWER-TEMPERATURE  DERATING  CURVE 

0          20          40          60          80          100        120         140         160         180  200 
Tc,  CASE  TEMPERATURE  1°C> 
Safe  Area  Curves  Are  Indicated  Bv  Figure  5. 
All  Limits  Are  Applicable  And  Must  Be  Observed 

- —  u  - 

 B 


SEATING  PLANE 


-  -  D 




STYLE  I : 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILL  Eh 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

5 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0  340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24,33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2  41 

2.67 

0.095 

0.105 

J 

14  48 

14.99 

0.570 

0.590 

K 

3.14 

0.360 

P 

1.27 

0.050 

a 

3.61 

3  86 

0.1?, 

0  152 

s 

8.89 

0  350 

T 

3.68 

0.145 

tl 

15.75 

0.620 

All  JEDEC  Dimensions  and  and  Notes  Apply. 

CASE  80-02 
TO-66 
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2N5344,  2N5345 


ELECTRICAL  CHARACTERISTICS  (TA  =  25°C  unless  otherwise  noted) 


Characteristic                                       Fig.  No. 

Symbol            Min     |     Max  Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 

(lc=  lOmAdc.  IB  =  0)  2N5344 

5 

vCEO(sus) 

250 

Vdc 

2N5345 

300 

Collector  Cutoff  Current 

(VCE  =  225  Vdc.  VBE(0(f)  =  1 .5  Vdc)  2N5344 
(VCE  =  270  Vdc.  VBE(0ff)  =  1  5  Vdc)  2N5345 
(VCE  =  225  Vdc.  VBE(off)  =  1  5  Vdc. 

Tc  =  1  50°CI  2N5344 
(VCE  =  270  Vdc,  VBE(otf|  =  1 .5  Vdc. 

TC=150°C)  2N5345 

10,  12 

'CEX 

100 
100 

10 

pAdc 
mAdc 

1.0 

Collector  Cutoff  Current 

ICBO 

mAdc 

(VCB  J  Rated  VCB,  lE  =  0) 

0  1 

Emitter  Cutoff  Current 
(VBE  =  5  0  Vdc,  lc  =  0| 

— 

!EB0 

0.1 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (1 ) 

8 

nFE 

(lc  =  500  mAdc,  VCE  =  50  Vdc) 
(lc  =  10  Adc,  VCE  =  5.0  Vdcl 

25 

7.0 

150 

Collector  Emitter  Saturation  Voltage 
(lc  -  1  0  Adc.  IB  =  0  2  Adc) 

9,  11,  13 

vCE(sat) 

3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  1.0  Adc.  IB  =  0.2  Adc) 

11,13 

vBE(sat) 

15 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain— Bandwidth  Product 

(lc=  100  mAdc.  VCE  =  20Vdc,  f=  10  MHz) 

<T 

60 

MHz 

Output  Capacitance 
(VCB=  10  Vdc.  IE  =  0) 

7 

Cob 

200 

pF 

SWITCHING  CHARACTERISTICS 


Turn-On 

(Vcc  =  100  Vdc,  lc  =  500  mAdc. 
IB1  =  lB2  =  50  mAdc) 

2.  3 

ton 

200 

ns 

Turn-Off 

(VCC  =  100  Vdc.  IC  =  500  mAdc. 
'B1  "  lB2  =  50  mAdc) 

2.  6 

<off 

700 

ns 

11)  Pulse  Test  Pulse  Width  =  300  ^s.  Duty  Cycle  =  2.0% 


RCUIT 


FIGURE  3  -  TURN-ON  TIME 


0.05   0.07       0.1  0.2         0.3  0.5       0.7  1.0 

IC,  COLLECTOR  CURRENT  (AMP) 


2N5344,  2N5345 


FIGURE  4  -  THERMAL  RESPONSE 


0.01      0.02   0.03    0.05         0.1         0.2     0.3      0.5         1.0         2.0     3.0      5.0  10  20     30       50         100         200   300     600  1000 


1,  TIME  (ms) 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


Tj  -  200°C 
SECONDARY  BREAKDOWN  LIMITATION 
PULSE  DUTY  CYCLE  510% 
Curves  apply  below  - 
rated  VcEQ. 


30      40    50       70       100  200        300  400 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  secondary  breakdown. 
Safe  operating  area  curves  indicate  lc— v*CE  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  tran- 
sistor must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|<)  =  200°C;  Tc  is  var- 
iable depending  on  conditions.  Pulse  curves  are  valid  for  duty 
cycles  of  10%  provided  Tj(0|<)  ^  200°C.  Tj(pk)  may  be  calcu- 
lated from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  secondary  breakdown. 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCES 


0.05    0.07      0.1  0.2         0.3  0.5  0.7 

IC,  COLLECTOR  CURRENT  (AMPI 


300 
200 


r.:i. 

Tj 

■  2 

• 

0 

s, 

1 

:. 

s 

_ 

- 

—1 

0.1     0.2  0.3  0.5      1.0      2.0  3.0    5.0     10       20  30  50 
VR,  REVERSE  VOLTAGE  IVOLTS) 
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2N5344,  2N5345 


TYPICAL  DC  CHARACTERISTICS 


FIGURE  8  -  DC  CURRENT  GAIN 


200 


1 

J  - 

25°C 

VCE  =  1 

0  V 

U^r  c  1  (1  W 

— 

1.0     2.0  3.0   5.0      10      20  30    SO      100     200  300  S00  1000 
lC.  COLLECTOR  CURRENT  (mA) 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 

1.0 


0.1     0.2  0.3  0.5      1.0      2.0  3.0    5.0      10       20  30    50  100 
IB.  BASE  CURRENT  (mA) 


FIGURE  10  -  EFFECTS  OF  BASE-EMITTER  RESISTANCE 

g  108 


FIGURE  11-  "ON"  VOLTAGES 


100  120  140  160  180  200 
TEMPERATURE  (°C) 


1.0     2.0   3.0    6.0       10       20   30    50      100      200  300  500  1000 
IC.  COLLECTOR  CURRENT  (mA) 


FIGURE  12  -  COLLECTOR  CUT-OFF  REGION 


FIGURE  13  -  TEMPERATURE  COEFFICIENTS 


0.3     0.2      0.1        0       0.1       0.2      0.3       0.4      0.5      0.6  0.7 
VBE.  BASE-EMITTER  VOLTAGE  (VOLTS) 


•APPLIES  FOR  lcVshFE/2 

I  I  I  I  I  I  llll  I 
.  Tj  =  -55°Cto+175°C 


*9VCfo'  VcE(sal) 


1.0     2.0  3.0   5.0      10       20   30    50     100      200  300  500  1000 
lb  COLLECTOR  CURRENT  (mA) 
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2N5346 

thru 
2N5349 


ORS 

id  wide-band  amplifier  applications. 


•  Low  Collector-Emitter  Saturation  Voltage  -  VcE(sat)  =  1 
(Max)@lC  =  7.0Adc 


2  Vdc 


•  DC  Current  Gain  Specified  to  5  Amperes 

•  Excellent  Safe  Operating  Ar< 

•  Packaged  in  the  Compact,  High  Dissipation  TO-59 

•  Isolated  Collector  Configuration 

•  Complementary  to  2N6186  thru  2N6189 


7  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 


*  MAXIMUM  RATINGS 

Rating 

Symbol 

2N5346 
2N5347 

2N5348 
2N5349 

Unit 

Collector-Emitter  Voltage 

VcEO 

80 

100 

Vdc 

Cot  lector-Base  Voltage 

VCB 

80 

100 

Vdc 

Emitter-Base  Voltage 

veb 

6.0 

Vdc 

Collector  Current  —  Continuous 

■c 

7.0 

Adc 

Base  Current 

"B 

1  .0 

Adc 

Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

PD 

60 
343 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ,  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

2.91 

°C/W 

"indicates  JEDEC  Registered  Data. 

60  80  100  120 

Tc.  CASE  TEMPERATURE  (°C) 
SKe  Am  Cmm «t  MicaM  by  Figure  5,  All  limit,  an .pplicabl.  and  mm  b>  ob«rmd 


STYLE  I: 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

10.77 

11.10 

0.424 

0.437 

C 

8.13 

11  89 

0.320 

0.468 

E 

2  29 

3.81 

0.090 

0.150 

G 

4.70 

5  46 

0.185 

0.215 

H 

-     1  1.98 

0.078 

J 

10.16  11.56 

0400 

0.455 

K 

14.48 

19.38 

0.570 

0.763 

L 

2.23 

2.79 

0.090 

0.110 

N 

6.35 

0.250 

P 

4.14 

4.80 

0.163 

0.189 

Q 

1  02 

1.65 

0.040 

0.065 

R 

8.08 

9.65 

0.318 

0.380 

S 

4.212 

4.310 

0.1658 

0.1697 

T 

9.65 

11.10 

0.380 

0.437 

Collector  isolated  from  case. 


E  160-03 
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2N5346  thru  2N5349 


"ELECTRICAL  CHARACTERISTICS  ITC  ■=  25°C,  unless  otherwise  noted)  

|  Characteristic  |   Fig.  No.     |      Symbol       |      Min  Max  Unit  | 

OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  111 

llc-50mAdc,  lB  =  0)                                2N5346.  2N5347 

2N5348,  2N  5349 

vCEO(sus) 

Vdc 

80 
100 

Collector  Cutoff  Current 

(VCE  '  75  Vdc.  IB  =  01                               2N5346.  2N  5347 
{VCE  -  90  Vdc.  IB  =  01                               2N  5348,  2N5349 

'CEO 

100 
100 

MAdc 

Collector  Cutoff  Current 

IVCE  ■  75  Vdc,  VEB(off|  -  I  S  Vdc)              2N5346.  2N5347 
(VCE  =  90Vdc,  VEB(off|=  1.5Vdcl              2N5348.  2N  5349 
IVCE  =  75  Vdc,  VEBIoff]  -  1.5  Vdc, 

12 

'CEX 

10 
10 

MAdc 

TC  -  1 50°C)                                          2N5346,  2N5347 
IVCE  -  90  Vdc.  VEB(oft)  =  1.5  Vdc. 

TC  =  150°CI                                             2N5348,  2N5349 

1.0 

1.0 

mAdc 

Collector  Cutoff  Current 

IVCB  ■  Rated  VCB  lE  =01 

ICBO 

10 

MAdc 

Emitter  Cutoff  Current 
<VEB»6.0  Vdc.lC-0) 

'EBO 

100 

MAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(lc  "  500mAdc,  VCE  =  2.0  Vdcl                    2N  5346,  2  N  5348 

2N5347,  2N  5349 

8 

Hfe 

30 
60 

(lc  -  2.0  Adc,  VCE  -  2.0  Vdc)                      2N5346,  2N5348 

2N5347.  2N5349 

llc  =  5.0  Adc,  VCE  =  2.0  Vdc)                      2N5346,  2N5348 

2N5347.  2N5349 

30 
60 
20 
40 

120 
240 

Collector-Emitter  Saturation  Voltage 
<lc-2.0  Adc,  lB  -0.2  Adc) 
(lc  -  7.0  Adc,  lB  r  0.7  Adc) 

9,  11.  13 

vCE(sat) 

0.7 
1.2 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc-2.0  Adc,  lB- 0.2  Adcl 
(lc  "  7.0  Adc,  lB  »  0.7  Adcl 

11.13 

vBEIsat) 

1.2 

Vdc 

2.0 

DYNAMIC  CHARACTERISTICS 

Current-Gain-Bandvyidth  Product 

(lc  "  500mAdc,  VCE  -  10  Vdc.  f  -  10  MHz) 

T 

30 

MHz 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  -  0.  f  -  100  kHz) 

7 

Cob 

250 

pF 

Input  Capacitance 

(VBE  -  2.0  Vdc,  lc  =  0,  f  =  100  kHz) 

7 

C,b 

1,000 

pF 

SWITCHING  CHARACTERISTICS 

Delay  Time 

(VCC  ■  40  Vdc,  VEB(o(fl  -  3.0  Vdc, 
IIq  =  2.0  Adc,  lB1  =  200  mAdc) 

2,3 

Id 

100 

ns 

Rise  Time 

t, 

100 

ns 

Storage  Time 

IVcc  »  40  Vdc,  lc  =  2.0  Adc. 
1  b i  -  lB2  =  200  mAdc) 

2,6 

<s 

2.0 

US 

Fall  Time 

<f 

200 

ns 

'Indicates  JEDEC  Registered  Data.   11)  Pulse  Test:  Pulse  Width  «  300  ms,  Duty  Cycle  *  2.0%. 
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2N5346  thru  2N5349 


FIGURE  4  —  THERMAL 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


2.0     3.0        5.0    7.0     10  20      30        50  70 

VcE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  han- 
dling ability  of  a  transistor:  junction  tempera- 
ture and  secondary  breakdown.  Safe  operating 
area  curves  indicate  \q  —  Vqe  limits  of  the 
transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  sub- 
jected to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figure  5  is  based  on  Tj(pkj  = 
200  C;  7q  is  variable  depending  on  conditions. 
Pulse  curves  are  valid  for  duty  cycles  of  10% 
provided  Tj{pk)<200oC.  Tj(pk)  may  be  calcu- 
lated from  the  data  in  Figure  4.  At  high  case 
temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less 
than  the  limitations  imposed  by  secondary 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCE  versus  VOLTAGE 
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IC.  COLLECTOR  CURRENT  (AMPS) 


5.0  10 


700 
500 

300 
200 


-T 

■25 

»C- 

"TT 

2.0  3.0 
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2N5346  thru  2N5349 


FIGURE  8-  DC  CURRENT  GAIN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 


0.0070.01    0.020.03  0.05     0.1      0.2  0.3   0.5  1.0 
IC.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  10  -  EFFECTS  OF  BASE  1 
RESISTANCE 
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(lypical  ICES  values 
Obtained  From  Fin.  12) 

0       20      40       60      60      100     120      140     160      180  200 
Tj.  JUNCTION  TEMPERATURE  (°C) 


0.5      1.0      2.0  3.0    5.0      10       20  30  50 

lB.  BASE  CURRENT  ImAI 


0.01    0.020.03  0.05     0.1      0.2  0.3   0.5      1.0      2.0  3.0    5.0  10 
IC.  COLLECTOR  CURRENT  (AMPS) 

FIGURE  13  -  TEMPERATURE  COEFFICIENTS 
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2N5427 

thru 
2N5430 


® 


MOTOROLA 


l/VER  NPN  SILICON  TP 


. .  .  designed  for  switching  and  wide-band  amplifier  applications. 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  =  1.2  Vdc  (Max)  @  lC  =  7.0  Adc 

•  DC  Current  Gain  Specified  to  7  Amperes 

•  Excellent  Safe  Operating  Area 

•  Packaged  in  the  Compact  TO-66  Case 


7  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 


80-100  VOLTS 
40  WATTS 


# MAXIMUM  RATINGS 

Rating 

Symbol 

2N5427 
2N5428 

2NS429 
2NS430 

Unit 

Collector-Emitter  Voltage 

VcEO 

80 

100 

Vdc 

Collector-Base  Voltage 

80 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous 

(c 

7.0 

Adc 

Base  Current 

IB 

1.0 

Adc 

Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

PD 

40 

228 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ, Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

4.37 

°C/W 

*  Indicates  JEDEC  Registered  Data 






FIGURE  1  —  POWER-T 


ERATURE  DERATING  CURVE 


Tc,  CASE  TEMPERATURE  («CI 


E  /--ft— O 

SEATING  PLANE 


STYLE  I :  s 
PIN  t.BASE 

2.  EMITTER 
CASE:  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

071 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

0.360 

P 

1.27 

0.050 

a 

3.61 

3.86 

0.142 

0.152 

s 

8.89 

0.360 

T 

3.68 

0.145 

U 

15.75 

0.620 

All  JEDEC  Oimtntionj  and  and  Notes  Apply. 
CASE  80-02 

TO-66 
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2N5427  thru  2N5430 


'ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C,  unless  otherwise  noted)  

|  Characteristic  |    Fig.  No.    |  Symbol 

OFF  CHARACTERISTICS 


Max  Unit 


Collector-Emitter  Sustaining  Voltage  (U 

llc  =  50mAdc,  lB  =  0)                                2N  5427,  2N5428 

2N  5429,  2IM5430 

BVCEo(sus)' 

80 
100 

Vdc 

Collector  Cutoff  Current 

(VCE  -  '5  Vdc.  IB  -  0)                               2N  5427,  2N5428 
(VCE=90Vdc.lB-0)                               2N  5429.2N5430 

'CEO 

100 
100 

MAdc 

Collector  Cutoff  Current 

(VCE  =  75  Vdc,  VEB(of<)  =  1 .5  Vdc)              2N  5427,  2N  5428 
(VCE  -  90  Vdc,  VEB(offl  «  1.5  Vdc)              2N  5429,  2N5430 
IVCE  =  75  Vdc,  VEB(off|  -  1.5  Vdc, 

TC  -  150°C)                                          2N5427.  2N5428 
(VCE»90Vdc.  VEB(o,,)»  1.5  Vdc, 

TC-150°C)                                          2N5429.  2NS430 

12 

'CEX 

10 
10 

1.0 

1.0 

MAdc 
mAdc 

Collector  Cutoff  Current  

IVCB  =  Rated  VCB  JE»0l 

— &6  

10 

MAdc 

Emitter  Cutoff  Current 
IVBE  =  6.0  Vdc,  IC  =  0I 

'EBO 

100 

MAdc 

ON  CHARACTERISTICS  (1) 





DC  Current  Gain 

(lc  -  500  mAdc,  VCE  •  2.0  Vdc)  2N  5427,  2N  5429 

2N  5428,  2N5430 

<IC  =  2.0  Adc.  VCE  =  2.0  Vdc)  2N5427,  2N  5429 

2N5428,  2N5430 

(lc»5.0Adc,  VCE  =  2.0Vdcl  2N5427,  2N5429 

2N5428,  2N5430 


nFE* 


30 
60 
30 
60 
20 
40 


120 
240 


Collector-Emitter  Saturation  Voltage 

(lc  =  2.0Adc,  lB  =  0.2  Adc) 
(lc  -  7.0  Adc,  lB  =  0.7  Add 


9, 11, 13 


vCE(sat)* 


0.7 
1.2 


Base-Emitter  Saturation  Voltage 
(lc  "  2.0  Adc.  IB  =0.2  Adc) 
dC  =  7.0  Adc,  lB  -  0.7  Add 
DYNAMIC  CHARACTERISTICS  


VflElsatf 


1.2 
2.0 


Current-Gain— Bandwidth  Product 

llc  =  500  mAdc,  VCE  -  10  Vdc,  f  -  10  MHz) 

<T 

30 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc,  lE  =  0,  f  -  100  kHz) 

7 

C0b 

250 

pF 

Input  Capacitance 

(VBE  -  2.0  Vdc,  IC  -  0.  f  =  100  kHz) 

7 

Cib 

1,000 

pF 

SWITCHING  CHARACTERISTICS 

Delay  Time 

(VCC  ■  40  Vdc,  VEB|off)  =  3.0  Vdc. 
dC  =  2.0  Adc,  lB1  =  200  mAdc) 

2,  3 

»d 

100 

ns 

Rise  Time 

'r 

100 

ns 

Storage  Time 

(VCC  =■  40  Vdc,  lc  ■=  2.0  Adc, 
'B1  =  'B2  =  200  mAdc) 

2,6 

•s 

2.0 

MS 

Fall  Time 

tf 

200 

ns 

•Indicates  JEDEC  Registered  Data.  |1  )pulse  Test:  Pulse  Width  •*=  300  ms,  Duty  Cycle  *  2.0%. 
FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 


FIGURE  3  -  TURN-ON  TIME 


«— 10ms-» 

INPUT  PULSE 


tr.II^IOns 
D.C.  -1.0% 


0  01     0.02       0.05     0.1      0.2         0.6      1.0  2.0 
IC,  COLLECTOR  CURRENT  (AMPS) 
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2N5427  thru  2N5430 


FIGURE  4  - 


0.01 
0.01 


2.0  3.0 
i,  TIME  OR  PULSE  WIDTH  (ms) 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI 


FIGURE  6  -  TURN-OFF  TIME 


There  are  two  limitations  on  the  power  han- 
dling ability  of  a  transistor:  junction  temperature 
and  secondary  breakdown.  Safe  operating  area 
curves  indicate  Iq-Vce  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation; 
i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|<)  = 
200°C;  Tc  is  variable  depending  on  conditions. 
Pulse  curves  are  valid  for  duty  cycles  of  10%  pro- 
videdTj(p|<)  ^200°C.  Tj(p|<)  may  be  calculated 
from  the  data  in  Figure  4.  At  high  case  tem- 
peratures, thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than 
by  ! 


FIGURE  7  -  CAPACITANCE  versus  VOLTAGE 
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2N5427thru  2N5430 


FIGURE  8  —  DC  CURRENT  GAIN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 
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2N5629,  2N5630, 2N5631  npn 
2N6029,  2N6030, 2N6031  pnp 


® 


HIGH-VOLTAGE  -  HIGH  POWER  TRANSISTORS 

.  .  .  designed  for  use  in  high  power  audio  amplifier  applications  and 
high  voltage  switching  regulator  circuits. 

High  Collector-Emitter  Sustaining  Voltage  - 
vCEO(sus)  =  100  Vdc  -  2N5629,  2N6029 
=  120  Vdc  -  2N5630,  2N6030 
=  140  Vdc  -  2N5631 ,  2N6031 

High  DC  Current  Gain  -  <9>  lc  =  8.0  Adc 
hFE  =  25  (Min)  -  2N5629,  2N6029 
=  20  (Min)  -  2N5630,  2N6030 
=  15  (Min)  -  2N5631.  2N6031 

Low  Collector  Emitter  Saturation  Voltage  - 
VCE(sat)  =  1.0  Vdc  (Max)  @  lc  S  10  Adc 


200 

<  150 

o 

3  ,0° 

FIGURE  1  -  POWER  DERATING 

o 
3 

£  50 
d 

0 

\ 

0       20       40      60      80      100     120     140     160     180  20 
TC.    TEMPERATURE  (°C1 
Safe  Area  Curves  are  indicated  by  Figure  5   All  Limits  are  applicable  and  mus 

be  observed 

PIN  I.  BASE  NOTE: 

2.  EMITTER  I.  OIM  "Q"  IS  DIA. 

CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

8 

21.08 

0  830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.S9 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

11 

3.84 

4.09 

0.151 

0.161 

R 

26.67 

1.050 

Collector  connected  to  case. 
CASE  11-01 
(T03) 
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2N5629,  2N5630,  2N5631  NPN 
2N6029,  2N6030,  2N6031  PNP 


'ELECTRICAL  CHARACTERISTICS  (Tc  ■  25°C  unless  otherwise  notedl 

Characteristic  |       Symbol  Mm  Max         |  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (11 
llc=  200mAdc.lB-0l                                       2N5629.  2N6029 

2N5630,  2N6030 

vCEOIsusl 

100 
120 

Vdc 

2N5631,  2N6031 

140 

Collector-Emitter  Cutoff  Current 
IVCE-50Vdc.lB-(»                                       2N5629,  2N6029 
lVCE-60Vdc,  lo-O)                                        2N5630,  2N6030 
(VCE-70Vdc.lB  =  0l  2N5631.2N6031 

'CEO 

,0 

1.0 
1.0 

Collector-Emitter  Cutoff  Current 
IVCE  "  Rated  VCB,  VEBIo,,)  =1.5  Vdcl 
( VCE  =  Rated  VCB.  VEB(0ff|  -  1  5  Vdc.  Tc  =  1 50°CI 

'CEX 

10 

5.0 

mAdc 

Collector-Base  Cutoff  Current 
(VCB  =  Rated  VcB.  Ie  -  01 

'CBO 

1  0 

mAdc 

Emitter-Base  Cutoff  Current 
IVbe  =  7.0  Vdc,  lc  ■  01 

'EBO 

1.0 

mAdc 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 

(lC  -  8.0  Adc,  VCE  -  2.0  Vdcl                                 2N5629.  2N6029 

2NS630,  2N6030 
2N  5631 ,  2N6031 

IIC  =  16  Adc.  VCE  =  2.0  Vdcl                                           All  Types 

»FE 

25 
20 
15 
4,0 

100 
80 
60 

Collector  Emitter  Saturation  Voltage 
(lc=  10Adc,  lB  -  1.0  Add  AIITypes 
llc-  16  Adc.  IB  =4.0  Add 

vCEIsatl 

10 

2  0 

Vdc 

Base-Emitter  Saturation  Voltage 
llc  =  10  Adc.  IB  =  1.0  Adc) 

vBE(sat) 

1.8 

Vdc 

Base-Emitter  On  Voltage 
(lc  =  8.0  Adc,  VCE  =  2.0  Vdcl 

vBE(onl 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain-Bandwidth  Product  (2) 
tlC  =  10  Adc.  Vce  =  20  Vdc.  ftest  =  0.5  MHzl 

»T 

10 

MHz 

Output  Capacitance                                                   2N5629,  30,  31 
(Vcb  "  10  Vdc.  Ig  -  0.  f  =  0.1  MHzl                                2N6029,  30,31 

cob 

500 
1000 

pF 

Small-Signal  Current  Gain 
(IC  =  4.0  Adc,  VCE  =  10  Vdc.  f  =  1.0  kHz! 

hfe 



15 



'  Indicates  JE  DEC  Registered  Data. 

1 1 )  Pulse  Test  Pulse  Width  <  300  us.  Outy  Cycle  >  2.0%. 
(21  fT  =  |h,e|  .  ftest 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT  FIGURE  3  -  TURN-ON  TIME 


For  PNP  test  circuit,  reverse  all  polarities  and  D 1 . 
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2N5629,  2N5630,  2N5631 
2N6029,  2N6030,  2N6031 


NPN 
PNP 


2  0  5.0 
t,  TIMEIms) 


2000 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  'C"^CE  ''m'ts  OT  tne  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|<)  =  200°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<)  <  200°C  Tjjp^)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


5.0    7.0     10  20      30         50    70  100 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 
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2N5629,  2IM5630,  2N5631  NPN 
2N6029,  2N6030,  2N6031  PNP 


NPN 


FIGURE  7  -  CAPACITANCE 
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F  GURE  8  -  DC  CURRENT  GAIN 


15  0.07   0-1  0.2     0  3       0.5    0-7  1.0 
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2N5632,  2N5633T  2N5634  npn 
2N6229,  2N6230,  2N6231  pnp 


® 


HIGH  VOLT 

SILICON  TRAf> 

.  .  .  designed  for  use  in  high  power  audio  amplifier  applications  and 
high-voltage  switching  regulator  circuits. 

•  High  Collector-Emitter  Sustaining  Voltage  - 

vCEO(sus)  =  100  Vdc  (Mini  -  2N5632,  2N6229 
=  120  Vdc  (Min)  -  2N5633,  2N6230 
=  140  Vdc  (Min)  -  2N5634,  2N6231 

•  High  DC  Current  Gain  @  lc  =  5.0  Adc  — 

hFE  =  25  (Min)  -  2N5632,  2N6229 
=  20  (Min)  -  2N5633,  2N6230 
f  15  (Min)  -  2N5634,  2N6231 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VcE(sat)  =  10  Vdc  (Max)  @  lc  =  7.5  Adc 


10  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 


•maximum  ratings 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  - 


Coi 
Peak 


Base  Current  -  Continuous 


Total  Device  Dissipation  @  Tc  -  25°C 

Derate  above  25°C 

 ^— ^— — ^— ^— — 

Operating  and  Storage  Junction 

Temperature  Range 


Symbol 


vCEO 


VCB 


VEB 


ic 


•THERMAL  CHARACTERISTICS 


TJ-Tstg 


2N5632 
2N6229 


2  N  5633 
2N6230 


2N5634 
2N6231 


10 
15 


5.0 


150 
0.857 


Watts 
W/°C 


°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

»JC 

1.17 

°C/W 

"Indicates  JEDEC  Registered  Data. 


FIGURE  1  -  POWER  DERATING 


140 

< 

Ufj 

E 

o 

100 

r- 

SKIP; 

80 

a 

60 

1 

s 

40 

E 

20 

n 

50         75        100        125  150 
tc.  CASE  tEMPERATURE  (»C) 


Safe  area  limits  are  indicated  by  Figure  5. 

Both  limits  are  applicable  and  must  be  observed. 


 I 


STYLE  1 : 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


NOTE: 

1.  DIM  'Q'  ISDIA 


r 

SEATING 

: 

MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

1 

21.08 

0.830 

c 

6.35 

7.62 

0.250 

0.300 

D 

0.S9 

1.09 

0.039 

0.043 

E 

343 

0.135 

F 

29.90 

30  43 

1.177 

1.197 

6 

10.67 

11.18 

0420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.E75 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0  161 

R 

26.67 

1.060 

Collector  conoected  to  can 
CASE  11  01 
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2N5632,  2N5633,  2N5634  NPN 
2N6229,  2N6230,  2N6231  PNP 

•ELECTRICAL  CHARACTERISTICS  (TC  ■  25°C  urrless  otherwise  noted) 


I  Ch—-*  I      SYmb0'    I  I  I 

OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage'  1 1 
(lc- 200  mAdc,  lB-0)  2N5632.2N6229 

2N5633,  2N6230 
2N5634,  2N6231 

vCEOIsus> 

100 
120 
140 

Vdc 

 1 

Collector-Emitter  Cutoff  Currant 

<VCE«50Vdc,  lB  =  0)                                        2N5632,  2N6229 

(VCE  =  60Vdc,  lB  =  0)                                        2NS633,  2N6230 

(VCE-70Vdc,  lB-OI                                        2N5634,  2N6231 

ICEO 

1.0 
1.0 
1.0 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE  -  Rated  VCB.  VE8(off)  -  15  Vdc) 
(VCE  =  Rated  VCB.  VEB(off)  =  1.5  Vdc,  Tc  -  150°CI 

iCEX 

1.0 
5.0 

mAdc 

Collector  Base  Cutoff  Current 
IVC8  •  Rated  VCB.  IE  =  0) 

iCBO 

1.0 

mAdc 

Emitter-Base  Cutoff  Current 

'ebo 

- 

,0 

mAdc 

IVBE  =  7.0Vdc.,c.O) 

ON  CHARACTERISTICS 

DC  Current  Gain'H 
<lc  -  5.0  Adc,  VCE  =  2.0  Vdc]                               2N5632.  2N6229 

2N5633.  2N6230 
2N5634,  2N6231 

llc  =  10  Adc.  Vce  "  2.0  Vdc]                                         All  Types 

"FE 

25 
20 
15 

5.0 

100 
80 
60 

Collector-Emitter  Saturation  Voltage 
llc-7.5  Adc.  IB- 0.75  Adc] 
(lc=  10  Adc.  IB  -  2.0  Adc] 

vCE(sat) 

1.0 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage 
llc«7.5  Adc.  IB  =  0.75  Adc) 

VBE(satl 

2.0 

Vdc 

Base-Emitter  On  Voltage 
(lC  =  S.O  Adc,  VCE -2.0  Vdc) 

vBE(onl 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain-Bandwidth  Product  (2) 
llc  -  1.0  Adc,  VCE  -  20  Vdc,  ftest  ■  0.5  MHz) 

*T 

1.0 

MHz 

Output  Capacitance                                   2N5632.  2N5633,  2N  5634 
(VCB  =  10  Vdc.  IE  -  0.  f  -  0.1  MHz]           2N6229,  2N6230,  2N6231 

Cob 

300 
600 

P 

Small  Signal  Current  Gain 
(VCE  •  10  Vdc.  IC  -  2.0  Adc,  f  -  1.0  kHz) 

hfe 

i  

15 

 1 

 1 







'Indicates  JEDEC  Registered  Data. 

ID  PulsaTast:  Pulse  Width  S  300  uj,  Outy  Cycle<  2.0%. 
121  <T  '  I  hfel  •  f.est 


FIGURE  2  -  SWITCHING  TIME  TEST 
CIRCUIT 


25  w 


♦  10  V  I  

n  _  i  


-10  V  


I 


SCOPE 


tr,  tf*  10  ns 

DUTY  CYCLE  =  1.0%  -4.0  V 

RB  »•  Rc  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 

Dl  MUST  BE  FAST  RECOVERY  TYPE,  eg: 
MBD5300  USED  ABOVE  lB  =100  mA 
MSD6100USEDBELQWIB«100mA 


For  PNP  test,  r 


•  all  polarities  and  Dl. 
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2N5632,  2N5633,  2N5634  NPN 
2N6229,  2N6230,  2N6231  PNP 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq  —  VcE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  200;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<)$  200°C.  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


20         30  50       70  100 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 
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2N5632,  2N5633,  2N5634  NPN 
2N6229,  2N6230,  2ISI6231  PNP 


NPN 

2N5632,  2N5633,  2N5634 


FIGURE  6  -  TURN-OFF  TIME 


PNP 

2N6229,  2N6230,  2N6231 
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2N5655,2N5656,2N5657 


PLASTIC  NPN  SILICON  HIGH-VOLTAGE 
POWER  TRANSISTOR 

.  .  .  designed  for  use  in  line-operated  equipment  such  as  audio  output 
amplifiers;  low-current,  high-voltage  converters;  and  AC  line  relays 

•  Excellent  DC  Current  Gain  —  hpff  =  30-250  @  Iq  =  100  mAdc 

•  Current-Gain  —  Bandwidth  Product  — 


fj  =  10  MHz  (Min)  @  IC  =  50  mAdc 
•  Packaged  in  Thermopad   Case  for  Low  Cost 


0.5  AMPERE 


POWER  TRANSISTORS 
NPN  SILICON 

250-300-350  VOLTS 
20  WATTS 


*  MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Base  Current 


Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C   


Operating  and  Storage  Junction 
Temperature  Range 


Symbol    2N5655    2N5656     2  N5657 


vCEO 


VCB 


PD 


Tj.Tstg 


250 


300 


325 


350 


375 


0  5  ■ 
1.0  ■ 


20 
0.16 


-65  to  +150 


Vdc 


Watts 
W/°C 


°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

«JC 

6.25 

°C/W 

_ 


JEDEC  Registered  Data 


FIGURE  1  -  POWER  DERATING 


too 


125 


Tc,  CASE  TEMPERATURE  (°C) 
FIGURE  2  -  SUSTAINING  VOLTAGE  TEST  CIRCUIT 

ton* 


Safe  Area  Limits  are  indicated  by  Figures  3  and  4.  Both  limits  are  applicable  and  must  be  observed. 


C  STYLE1 
pi-TT         PIN  I,  EMITTER 


2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.436 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

0 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0  115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0  095 

J 

0.38 

0.64 

0.016 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

>TYP 

3°TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

s 

0.64 

0.89 

0.025 

0.035 

u 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

0.040 

cATsc-.r 


3-126 


2N5655,  2N5656,  2N5657 


"ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Min      1  Max 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
HC  =  lOOmAdc  (inductive),  L  =  50mHI 


2N5655 
2N5656 
2N5657 


vCEO(sus> 


250 
300 
350 


Collector  Emitter  Breakdown  Voltage 
(lc  =  1-OmAdc.  IB  -0) 


BVCEO 


2N5656 
2N5657 


250 
300 
350 


Collector  Cutoff  Current 
IVCE  "  150  Vdc.  lB-0) 
IVCE  =  20OVdc.lB-0l 
<VCE-  250Vdc.  IB-0I 


2N5655 
2N56S6 
2N5657 


01 

0.1 
0.1 


Collector  Cutoff  Current 

IVCE  "  250  Vdc.  VEB(offl  "  15  Vdcl 
IVCE  "  300  Vdc.  VEB(off)  "  15  Vdc] 
IVCE  =  350  Vdc,  VEB(0ff]  -  1.5  Vdcl 
(VCE-  150  Vdc.  VEB(off|  ■  1.5  Vdc.  Tc  - 100°C) 
(VCE  =  200  Vdc,  VEB|offl  ■  1.5  Vdc,  TC  - 
IVCE  i  250  Vdc.  VEB(off|  -  1.5  Vdc,  Tc  - 


2N5655 
2N5656 
2N5657 
2N5655 


ICEX 


Emitter  Cutoff  Current 
(VEB  -  6.0  Vdc,  IC  - 


ON  CHARACTERISTICS 


DC  Current  Gain  ID 

1 1 C  =  50  m  Adc.  VCE  =  1 0  Vdc) 

25 

<IC  -  100  mAdc,  VCE  =  10  Vdc) 

30 

250 

<IC  -  250  mAdc.  VCE  =  10  Vdc) 

15 

lie  =  500  mAdc.  VCE  =  10  Vdc) 

50 

Collector-E  muter  Saturation  Voltage  1 1 ) 
(IC  =  100  mAdc,  lB  =  10  mAdc) 
(IC  =  250  mAdc,  lB  =  25  mAdc) 



vCE(sat> 

10 

2.5 

Vdc 

MC  "  500  mAdc.  IB  =  100  mAdcl 

10 

Base  Emitter  Voltage  I1> 

VfJE 

10 

Vdc 

(lc  =  100  mAdc,  VCE  =  10  Vdcl 

= 


DYNAMIC  CHARACTERISTICS 


Current-Gain-Sandwidth  Product  121 
llc  ■  50  mAdc.  VCE  -  10  Vdc.  f  ■  1 


Output  Capacitance 

IVCB  -  10  Vdc.  IE  -  0.  f  =  100  kHz] 


Cob 





Small-Signal  Current  Gain 

<lc  ■  100  mAdc,  VCE  "  10  Vdc,  f  -  1.0  kHz) 


Indicates  JEDEC  Registered  Data  for  2N5655  Ser.es 
(II  Pulse  Test:  Pulse  Width  <  300  us.  Duiv  Cycie<  2.0%. 
(2)  fT  is  defined  as  the  frequency  at  which  |hfe|  extrapolates  to  un.tv 


FIGURE  3  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


20        30     40         60  100  200  300 

VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq  -  VCE  ''m,ts  of  tne  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  3  is  based  on  Tjip^j  =  150°C;  T^  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(pk)^150oC.  At  high 
case  temperatures,  thermal  limitations  will  reduce  the  power  that 
can  be  handled  to  values  less  than  the  limitations  imposed  by  second 


breakdown. 
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2N5655,  2N5656,  2N5657 
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® 


2N5683, 2N5684  PNP 
2N5685, 2N5686  NPN 


HIGH-CURRENT  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 


.  .  .  designed  for  use 
applications. 


in  high-i 


power  amplifier  and  swi 


•  High  Current  Capability  -  lc  Contin 


tching  circuit 
50  Amperes. 


DC  Current  Gain  - 

hFE  =  15-60@lc  =  25Adc 

Low  Collector-Emitter  Saturation  Voltage  - 
VCE(sat)  =  1.0  Vdc  (Max)  @  lc  =  25  Adc 


•MAXIMUM  RATI 


TINGS 


50  AMPERE 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60-80  VOLTS 


Rating 

Symbol 

2NS683 
2  N  5685 

2N5684 
2N5686 

Unit 

Collector-Emitter  Voltage 

VCEO 

60 

80 

Vdc 

Col  lector- Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  -  Continuous 

ic 

50 

Adc 

Base  Current 

Lb 

15 

Adc 

Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

Pd 

1.715 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  +200 

°C 

•THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

«JC 

0.584 

°C/W 



Indicates  JEDEC  Registered  Data. 


FIGURE  1  -  POWER  DERATING 


2  150 


s  Area  Curves  are  indicated 


60       80      100      120     140  160 
TEMPERATURE  (°C) 


hv  F 


le  and  must  be  observed. 


STYLE  1 : 
PIN  1.  BASE 

2.  EMITTER 
CASE.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

Ml  IV 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

3.43 

0.135 

F 

29.90  1  30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

11655 

0.676 

K 

1118 

12.19 

0.440 

0.480 

0 

384 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

_L050j 

CASE  19701 
TO-3  Except  Pin  Diameter 
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J,  2N5684  PNP,  2N5685,  2N5686  NPN 


•ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Note  1 ) 
(lc-0.2Adc.  IB  =  0)                                          2N5683,  2N5685 

2N5684,  2N5686 

vCEO(susl 

60 
80 

- 

Vdc 

Collector  Cutoff  Current 
IVCE  -  30  Vdc,  lB  »  0)                                        2N  5683.  2N5685 
IVCE  =  40  Vdc.  IB  =  0)                                        2N5684,  2N5686 

!CEO 

_ 

10 
1.0 

mAdc 

Collector  Cutoff  Current 
1 VCE  -  60  Vdc.  VEBIoff )  «  1 .5  Vdc)                     2N5683,  2N5685 
(Vce  "80  Vdc.  VEB(off|  =  1.5  Vdcl                     2N  5684.  2N5686 
|VCE  -  60  Vdc.  VEB(off|  -  1.5  Vdc,  TC  -  150°CI  2N5683.  2N5685 
(VCE  "  80  Vdc,  VEB(of(|  -  1.5  Vdc.  TC  -  150°CI  2N  5684.  2N5686 

!CEX 

2.0 
2.0 
10 
10 

mAdc 

Collector  Cutoff  Current 
IVCB  -  60  Vdc,  lE  =  01                                        2N5683,  2N5685 
IVcB  =  80  Vdc,  lE  =  01                                        2N5684,  2N5686 

'CBO 

2.0 
2.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc,  IC  =  0) 

'EBO 

5.0 

mAdc 

ON  CHARACTERISTICS 


DC  Current  Gain  (Note  11 
(IC  =  25  Adc,  VCE  -  2.0  Vdcl 
He  -  50  Adc,  VCe  =  5.0  Vdcl 

hFE 

15 

5.0 

60 

Collector-Emitter  Saturation  Voltage  (Note  1 1 
(lc-25Adc.  lB  =  2.5Adcl 
IIC  =  50  Adc.  IB- 10  Add 

vce  (sat) 

Vdc 

1.0 
5.0 

Base-Emitter  Saturation  Voltage  (Note  1 1 

vBE(satl 

2.0 

Vdc 

IIC  =  25  Adc,  lB- 2.5  Add 

Base-Emitter  On  Voltage  (Note  1) 
Hc  "  25  Adc,  VCe  ■  2  0  vdd 

VBEIonl 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain-Bandwidth  Product 
(IC  -  5.0  Adc.  VCE  -  10  Vdc,  f  -  1.0  MHz! 







2.0 


Output  Capacitance 
(VCb  -  10  Vdc.  IE  -0,  f  -  0.1  MHz) 


2N5683.  2N5684 
2N5685,  2IM5686 


Small-Signal  Current  Gain 
He  =  10  Adc,  VCE  -  5.0  Vdc.  f  ■  1.0  kHz! 



Note  1 :  Puis.  Ten:  Pulse  Width  S  300  us.  Duty  Cycle  £  2.0*. 

FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 

VCct-30V 


-M  10  to  100  ms 

DUTY  CYCLE* 2.0% 


TO  SCOPE 

tr  <  20  ns 

*iov 


J  . 

[- 1,  <  20  ns 
—I        i—  10  to  100  us  VBB 
DUTY  CYCLE  *  2.0% 

FOR  CURVES  OF  FIGURES  3  &  6,  Rb&  Rl  ARE  VARIED. 
INPUT  LEVELS  ARE  APPROXIMATELY  AS  SHOWN. 
FOR  NPN  CIRCUITS,  REVERSE  ALL  POLARITIES. 


IC,  COLLECTOR  CURRENT  (AMP) 
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2N5683,  2IM5684  PNP,  2N5685,  2IM5686  NPN 


FIGURE  5  -  ACTIVE -REGION  SAFE  OPERATING  AREA 


2.0     3.0        6.0    7.0     10  20      30        50    70  100 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  —  Vqe  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|<)  =  200°C,  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pj()  <2O0°C.  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  6  -  TURN-OFF  TIME  FIGURE  7  -  CAPACITANCE 


05    0.7    1.0  2.0     3.0       5.0  7.0     10  20      30        50  0.1      0.2         0.5      1.0       2.0         5.0       10       20  50  100 


lC.  COLLECTOR  CURRENT  (AMP)  Vr  REVERSE  VOLTAGE  (VOLTS) 
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2N5683,  2N5684  PNP,  2N5685,  2N5686  NPN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 


Z  1.6 


5  0.8 


J    1  1 

-T 

:  =  10 

^  25  A 

\4 

OA 

>— 

0.5  1.0  2.0     3.0  5.0 

lB,  BASE  CURRENT  (AMP) 


IC-  10A 


Tj  -  25°C 


0.5  1.0  2.0  3.0 

IB,  BASE  CURRENT  (AMP) 


5.0  10 


FIGURE 


10  -  "ON"  VOLTAGES 
2.0 


0.7     1.0  2.0     3.0  5 

IC.  COLLECTOR 


0    7.0  10 
CURRENT  (AMP) 


0.5   0.7    1.0  2.0     3.0  5 

IC.  COLLECTOR 


0  10  20  30 

CURRENT  (AMP) 
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® 


2N5758,  2N5759.  2N5760  npn 
2N6226  2N6227. 2N6228  ™p 


HIGH-VOLTAGE  HIGH-POWER 
SILICON  TRANSISTORS 

.  .  .  designed  for  use  in  high  power  audio  amplifier 
high  voltage  switching  regulator  circuits. 

•  High  Collector-Emitter  Sustaining  Voltage  - 

VCEO(sus)  =  100  Vdc  <Min>  "  2N5758,  2N6226 
=  120  Vdc  (Mini  -  2N5759,  2N6227 
=  140  Vdc  (Mini  -  2N5760,  2N6228 

•  DC  Current  Gain  @  lc  =  3.0  Adc  - 

hpE  "  25  (Min)  -  2N5758,  2N6226 
=  20  (Mini  -  2N5759,  2N6227 
=  15  (Mini  -  2N5760.  2N6228 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  =  10  Vdc  (Max)  <g>  lC  =  3.0  Adc 


tionsand 








6  AMPERE 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

100-120-140  VOLTS 
150  WATTS 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Volt; 


Collector  Current  -  Continuous 


Total  Device  Dissipation@Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction. 
Temperature  Range 


2N5758    2N57S9  2N5760 
Symbol    2N6226    2N6227  2N6228 


VCB 


J-  1  stg 


6.0  - 
10  - 


-  150  - 

.  0.857- 


Watts 
W/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"JC 

1.17 

°C/W 

'  I  nd testes  JE  D  EC  Regis 


FIGURE  1  -  POWER  DERATING 

Pfj,  POWER  DISSIPATION  IWATTSI 

0           25          50          75        100         125        150        175  200 
Tc,  CASE  TEMPERATURE  ("C> 
Safe  area  limits  are  indicated  by  Figure  5. 
Both  limits  are  applicable  and  must  be  observed. 
.  

SEATING 
PLANE 

STYLE  r: 
PIN  1  BASE 

2.  EMITTER 
CASE:  COLLECTOR 

NOTE: 

1.  DIM  "0"  IS  DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

1 

21  OS 

0  B30 

C 

6  35 

7.62 

0.250 

0  300 

0 

0.99 

1.09 

0.039 

"0:1« 

E 

343 

0  135 

F 

29.90 

30  40 

1.177 

;  19? 

G 

10  67 

11  18 

0  420 

0  440 

H 

5.33 

5.59 

0210 

0  220 

J 

16  64 

17.15 

0  655 

0  675 

K 

11  18 

12  19 

0  440 

0  480 

a 

3.84 

409 

0151 

0  1 6JJ 

R 

26.67 

1  050 

Collector  connected  lo  c 
CASE  11  01 
 TO-3 
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2N5758,  2N5759,  2N5760  NPN 
2IM6226,  2N6227, 


•ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted) 


Max  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (11 

vCEOIsusl 

Vdc 

(lc  -200mAdc.  IB  -  0) 

2N5758,  2N6226 
2N5759,  2N6227 
2N5760.  2N6228 

100 
120 
140 

Collector  Cutoff  Current 
IVCE  =  50  Vdc.  IB  =  01 
IVCE  =  60  Vdc,  lB  -  01 
(VCE  =  70  Vdc.  IB  =  0) 

2N5758,  2N6226 
2N6769.  2N6227 
2N5760.  2N6228 

!CEO 

bob 

mAdc 

Collector  Cutoff  Current 

IVCE  -  Rated  VCB,  VBE(offl  ■  '■«  Vdc) 
IVCE  ■  Rated  VCB.  VBE|of.|  -  1.6  Vdc.  Tc  - 

150°CI 

ICEX 

1.0 

5.0 

mAric 

Collector  Cutoff  Current 

(VCB  -  Rated  VCB,  lE  -  01 

'CBO 

1.0 

mAdc 



Emitter  Cutoff  Current 
IVBE  -7.0  Vdc.  IC  =  01 

EBO 

1.0 

mAdc 

ON  CHARACTERISTICS  ID 


DC  Current  Gain 

(lc  -  3.0  Adc.  VCE  "  2.0  Vdc) 

(lc  '  6.0  Adc,  VCE  =  2.0  Vdc) 


Collector-Emitter  Saturation  Voltage 
llc  ■  3.0  Adc.  IB  -  0.3  Adc) 
llc  =  6.0  Adc.  IB  -  1.2  Add 





2N5758.  2N6226 
2N5759.  2N6227 
2N5760.  2N6228 
All  Types 


Base-Emitter  On  Voltage 

(IC  E  3.0  Adc,  Vce  "  2.0  Vdc) 


vCEIsatl 


VBE(on) 


15 

5.0 


DYNAMIC  CHARACTERISTICS 


100 

80 
60 


1.0 
2.0 


Current-Gam  —  Bandwidth  Product 

|1C  =  0.5  Adc,  VCE  =  20  Vdc,  f,esJ  =  0.5  MHz) 

<T 

10 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc.  IE  =  0,  f  =  0.1  MHz) 

Cob 

300 

pF 

Small-Signal  Current  Gain 

<IC  •>  2.0  Adc.  VCE  =  10  Vdc.  f  -  1-0  kHz) 

hfe 

15 

*  Indicates  JEOEC  Registered  Data 

(1)  Pulse  Test:   Pulse  Width  <  300  Ms.  Duty  Cycle  <2.0% 
'2)  <T  '  lhfe  1 

FIGURE  2 


•  SWITCHING  TIME  TEST 
CIRCUIT 

vcc 


.iov 


_._u 


ir.its.td* 

0UTV  CYCLE  ■  1.0  . 


-4  0  V 


RBdinl  Rc  VARIED  70  OBTAIN  DESIRED  CURRENT  LEVELS 

Ol  MUST  BE  FAST  RECOVERY  TYPE.  15 
M8D530D  USED  ABOVE  Ig  100  mA 
MSD6100  USED  BE  LOW  Ig    100  mA 

r  PNP  test  circuit,  reverse  all  polarities  and  D1 . 
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FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


s.o 

SI  (A 

3  0 
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0  3 
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'  200 
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ms 

—  B 
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'i 

 1 —  LIMITED  -|  1 

.  THERMALLY  Lit 

111 

]- 

 1 — S>  TC  "  25°C   1  1  

 SECOND  BREAKDOWN  LI 

in 

EC 

It 

CURVES  APPLY  BELOW  | 

RATED  VCEO    2N5760.  2N6228  3 

1       1     1       2N5I59,  2N6227  =\ 
.iKo/b?  3N6226  -f 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate \q  -  VqE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tjjp^}  =  200;  Jq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)<C  200°C.  Tj(p(<)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 
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2N5758,  2N5759,  2N5760  NPN 
2N6226,  2N6227,  2N6228  PNP 
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2N5838 
2N5839 

(M)  motorola  2N5840 


HIGH  VOLTAGE  NPN  SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  high  voltage  inverters,  switching  regulators,  and  line- 
operated  amplifier  applications.  Especially  well  suited  for  switching 
power  supply  applications. 


High  Collector-Emitter  Sustaining  Voltage  - 
VcEO(sus)  =  250  Vdc  (Min)  - 
=  275  Vdc  (Min)  - 
=  350  Vdc  (Min)  - 

Excellent  DC  Current  Gain  - 
hFE=  10-50  @  lC  =  2.0 

=  8-40  @  lc  =  3.0  Adc  -  2N5838 


♦MAXIMUM  RATINGS 


Rating 

Symbol 

2N5838 

2N5839 

2N5840 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

25C 

275 

350 

Vdc 

Collector-Emitter  Voltage 
(RBE  =  50  n) 

VCER 

275 

300 

375 

Vdc 

Collector-Emitter  Voltage 

VCEV 

275 

300 

375 

Vdc 

Collector-Base  Voltage 

VCB 

275 

300 

375 

Vdc 

Emitter-Base  Voltage 

veb 

6 

Vdc 

Collector  Current  —  Continuous 
Peak 

ic 

3 
5 

Adc 

Base  Current 

'8 

1.5 

Adc 

Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  2B°C 

PD 

100 
0.56 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 


Symbol 


Thermal  Resistance,  Junction  to  Case  R0JC 
•Indicates  JEDEC  Regis  tered  Data. 


3  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

2S0-350  VOLTS 
100  WATTS 


2) 

i_  J_ 


4° 


A 


NOTES: 

1.  0IMENSI0NS  Q  AND  V  ARE  DATUHS. 

2.  Gt~J  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0: 


STVU  t 

PIN  I  BASE 


I  ♦  |  >.13ID.005I®  I  T  |v®~] 


I  ♦  1  ».13  [0.0051  ®T  I  V®  I  a®] 

4.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  YH.S.  1973 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

8 

21.08 

0.S3O 

C 

6.35 

7.62 

0.250 

0.3110 

D 

0.97 

1.09 

0  03B 

0.043 

£ 

1.40 

1.7B 

0.055 

6.0  70 

F 

30.15  BSC 

1.187  BSC 

G 

10.92  BSC 

0.430  BSC 

H 

5.46  BSC 

0.215  BSC 

J 

16.89  BSC 

0.665  BSC 

K 

11  18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

U 

4.83 

533 

0.190 

0.210 

V 

3.81 

4.19 

0.  i  Ml 

0.165 
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5,  2N5839,  2N5840 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted! 
I  


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  2N5838 
UC     2UU  mA,  lB  -  U)  2Nbojy 

2N5840 

vCEO(sus) 

250 
350 

Vdc 

Collector-Emitter  Sustaining  Voltage  2N5838 
<lc  ■  100  mA.  VBE(oftl  -  1.5  V.  L  =  10  mHI  2N5839 

2N5840 

VcEXIsus) 

275 
300 
375 

Vdc 

Collector  Emitter  Sustaining  Voltage  2N5838 
(lc  =  200  mAdc,  RBE  -  50  Ohmsl  2N5839 

2N5840 



vCER(sus) 

275 
300 
375 

Vdc 

Emitter-Base  Breakdown  Voltage 
llE  -  20  mAdc.  Ic  =  0) 

VEBO 

6 

Vdc 

Emitter  Cutoff  Current 
(VCE  -  6  Vdc,  lc  =  01 

Iebo 

1 

mAdc 

Collector  Cutoff  Current 

( VCE  -  200  Vdc,  1 B  =  0)  2N5838 
IVCE  »  250  Vdc,  lB  =  0)  2N5839 
(VCE  =  250  Vdc.  IB  -  01  2N5840 

'CEO 

2 
2 
2 

mAdc 

Collector  Cutoff  Current 

IVCEV  "  265  Vdc,  VBEioff)  *  1  5  Vdc>  2N5838 
IVCEV  "  290  Vdc,  VBE(0ff)  -  1 .5  Vdcl  2N5839 
(VCEV  "  360  Vdc,  VB6(off)  -  1 .5  Vdc)  2N5840 

'CEV 

5 
2 
2 

mAdc 

Collector  Cutoff  Current 

'CEV 

mAdc 

IVCEV  "265  Vdc,  VBE(of(l  =  1.5  Vdc,  Tc  =  100°C)  2N5838 
(VCEV  -  290  Vdc,  VBE(off|  -  1.5  Vdc,  Tc  -  100°C)  2N5839 
IVCEV  -  360  Vdc,  VBE(off)  =  1.5  Vdc.  Tc  -  100°C)  2N5840 

8 

5 
5 

ON  CHARACTERISTICS  (II 


DC  Current  Gain 

( lc  =  0.5  Adc,  Vqe  =  5  Vdcl 
llc  -  2  Adc.  VCE  -  3  Vdcl 
(lc-3Adc,  VCE-2Vdc) 


ALL  TYPES 
N5839. 40 


nFE 


20 
10 
8 


50 
40 


Collector-Emitter  Saturation  Voltage 
(lc  -  3  Adc.  IB  -  0.375  Adc) 
(IC  -  2  Adc.  IB  -  0.2  Adc) 
(lc  ■  2  Adc,  lB  -  0.2  Add 


2N5838 
2N6839 
2N5840 


vCE(sat) 


1.0 
1.5 

1.5 


Base-Emitter  Saturation  Voltage 
(lc  *  3  Adc,  lB  =  0.375  Adc) 
llc-2Adc.  lB«0.2Adcl 
(lc  =  2Adc,  lB- 0.2  Add 


2 


DYNAMIC  CHARACTERISTICS 

Current-Gain-Bandwidth  Product 

(lc  ■  200  mAdc.  VCE  ■  10  Vdc,  ftest  =  1 




1^1  


5 

MHz 

Cob 

150 

PF 

Output  Capacitance 

(VCB  -  10  Vdc.  IE  -  0,  f,est  -  1  MHz) 


SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forvi 
t  =  1 .0  s  (non-repetitiveMVcE  =  40  Vdc) 

ard  Biased 

'S/b 

2.5 

Adc 

Second  Breakdown  Energy  with  Base  Reverse  Biased 
llc  "  3.0.  VBE(0ff)  -  4.0  Vdc.  L  -  100  UH) 

ES/b 

0.45 

mJ 

SWITCHING  CHARACTERISTICS,  MAXIMUM  LIMITS 


Resistive  Load 

Symbol 

2N5838I2I 

2N5839 

2N5840 

Unit 

Rise  Time 

•  Vcc  =  200  Vdc,  lc  =  2  Adc, 

lB1  =  lB2  -  0.2  Adc. 

tp  -  100  vs.  Duty  Cycle  <  2%) 

<r 

1  5 

1.5 

1 .75 

MS 

Storage  Time 

's 

3.0 

3.75 

3.0 

MS 

Fall  Time 

tf 

1.5 

1.5 

1  .5 

MS 

(1)  Pulse  Test:  Pulse  Width  -  100  MS.  Duly  Cycle  •  2%. 
(21  For  2N5838.  lc  =  3  Adc.  lBi  -  lB2  =  0.375  Adc 
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2N5838,  2N5839,  2N5840 


■ 


FIGURE  1  -  THERMAL  RESPONSE 


FIGURE  2  -  SAFE  OPERATING  AREA 


1 


There  are  two  limitations  on  the  power  handling 
ability  of  a  transistor:  average  junction  temperature  and 
second  breakdown.  Safe  operating  area  curves  indicate 
'C-VCE  operation;  i.e.,  the  transistor  must  not  be  sub- 
dissipation  than  the  curves  indicate. 
The  data  of  Figure  2  is  based  on  TC  m  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  2  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  4. 

Tj(pk)  rnay  be  calculated  from  the  data  in  Figure  1. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breal 

FIGURE  4  -  POWER  DERATING 


Pulse 

Generator 

Test 

Switch 


Delay 

Gate 

Calibrated 
Current 
Source 

•  I B 1  and  lB2  measured  with  Tektronix  current 
probe  P6019  or  equivalent. 


80  1 20 

Tc.CASE  TEMPERATURE  l°CI 
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2N5875, 2N5876  PNP 
2N5877,  2N5878  NPN 


® 


COMPLEMENTARY  SILICON 
HIGH-POWER  TRANSISTORS 

.  .  designed  for  general-purpose  power  amplifier  and  switching  appli- 
cations. 


•  Low  Collector-Emitter  Saturation  Voltage  — 

VCE(sat)  =  1  0  Vdc  (Max)  @  lc  =  5.0  Adc 

•  Low  Leakage  Current  — 

lCEX  =  0.5  mAdc  (Max)  @ 

•  Excellent  DC  Current  Gain  - 

hFE  =  20(Min)@lc  =  4.0Adc 

•  High  Current  Gain  -  Bandwidth  Product  - 

fT  =  4.0  MHz  (Min)  " 





10  AMPERE 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 


60-80  VOLTS 
150  WATTS 


•MAXIMUM  RATINGS 


Rating 

Symbol 

2N5875 
2N5877 

2N  5876 
2N5878 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  -  Continuous 
Peak 

ic 

10 

20 

Adc 

Base  Current 

in 

4.0 

Adc 

Total  Device  Dissipation  @  Tc  -  25°C 
Derate  above  25°C 

pD 

150 
0.857 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

SJC 

1.17 

°C/W 



160 

FIGURE  1  -  POWER  DERATING 

_  140 

S  120 
3 

§  too 

•r 

1  60 
3 

£  40 
0 

25        50         75        100        125        150        175  200 
TC.  CASE  TEMPERATURE  <°CI 

STYLE  I: 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


CASE  11  01 

TO-3 


NOTE: 

I.  0IM  "Q"  IS  DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.676 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.161 

0.161 

R 

26.67 

1.050 

Collector  connected  to  c 
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2N5875,  2N5876  PNP,  2N5877,  2N5878  NPN 

•ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


Symbol     |  Min 


OFF  CHARACTERISTICS 


Col  lector- E  mittsr  Sustaining  Voltage  (1) 
(lc=  200mAdc.  IB  =  0I 

2N5875,  2N5877 
2N5876,  2N5878 

vCEO(sus) 

60 
80 

_ 

Collector  Cutoff  Current 

2N5875,  2N5877 

'CEO 

mAdc 

(VCE  =  30  Vdc.  IB  •-  01 

1.0 

(VCE  =  40  Vdc.  I B  =  0) 

2N5876,  2N5878 

1.0 

Collector  Cutoff  Current 

(VCE=60Vdc.  VBE,0ff)  =  1.5  Vdc) 
(VCE  -  80  Vdc.  VBE(off|  "  15  Vdcl 
IVCE  -  60  Vdc,  VBE(off)  «  1.5  Vdc.  TC 
I VCE  =  80  Vdc.  VBE  (of  f )  =  1  -6  Vdc,  TC 

2N5875,  2N5877 
2N5876,  2N5878 

-  150°CI  2N5875,  2N5877 

-  150°C)  2N5876,  2N5878 

'CEX 

0.6 
0.5 
5.0 
5.0 

mAdc 

Collector  Cutoff  Current 
(VcB  -  60  Vdc,  lE  -  0) 
(Vcb  "  80  Vdc,  lE  =  01 

2N5875,  2N5877 
2N5876,  2N5878 

>CBO 

0.5 
0.5 

mAdc 

Emitter  Cutoff  Current 

(VEB  -  5.0  Vdc,  lE  =  0) 
I  _  

 1 

'ebo 

1.0 

mAdc 

ON  CHARACTERISTICS 


1  

DC  Current  Gain  (11 

(IC=  10  Adc.  VCE-4.0Vdc) 
( lc  =  4.0  Adc,  VCe  -  4.0  Vdc) 
(lC-  10  Adc,  VCE  -  4.0  Vdc) 

hFE 

35 
20 
4.0 

100 

Collector-Emitter  Saturation  Voltage  (1) 
(lc  =  5.0  Adc,  lB  =  0.5  Adc) 
dc  "  10  Adc,  lB  -  2.5  Adc) 

vCE(sat) 

1.0 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage  (1) 
(lC  -  10  Adc.  IB  =  2.5  Add 

vBEIsatl 

2.5 

Vdc 

Base-Emitter  On  Voltage  (1) 
<IC  =4.0  Adc.  VCE  =  4.0  Vdc) 

VBEIonl 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain  -  Bandwidth  Product  12) 

(lc  F  0.5  Adc,  VCE  =  10  Vdc,  ftes,  -  1.0  MHz) 

lj 

4.0 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc,  I  £  =  0,  f  =  1 .0  MHz)                     2N5875.  2N5876 

2N5877,  2N5878 

cob 

500 
300 

pF 

Small-Signal  Current  Gain 

(lC  -  1.0  Adc,  VCE  -4.0  Vdc,  f=  1.0  kHz) 

20 

SWITCHING  CHARACTERISTICS 

Rise  Time 

(VCC  =  30  Vdc.  IC  =  4.0  Adc.  IB1  =  lB2  =  0.4  Adc, 

«r 

0.7 

MS 

Storage  Time 

»s 

1.0 

MS 

Fall  Time 

See  Figure  21 

tf 

0.8 

MS 

•Indicates  JEDEC  Registered  Data. 

(1)  Pulse  Test:  Pulse  Widths  300  Ms,  Duty  Cycle  2.0%. 

(2)  fT  =  |hfe|  •  ftest 


FIGURE  2  —  SWITCHING  TIME  TEST  CIRCUIT 

2R 


FIGURE  3  -  TURN-ON  TIME 


+  9.0  V  

-11V —  


'n 


25  lis 
tr.  tf^lOns 
DUTY  CYCLE  ■  1.0% 


eall  polarities. 


FOR  CURVES  OF  FIGURES  3and  6. 

Rgand  Rc  ARE  VARIED  TO  OBTAIN 

DESIRED  CURRENT  LEVELS 

Dl  MUST  BE  FAST  RECOVERY  TYPE,  e.j. 
MBD5300  USED  ABOVE  lg  =  100  mA 
MSD6100  USED  BELOW  Iq  =100  mA 


0.3  0.5  0.7  1.0  2.0 
IC.  COLLECTOR  CURRENT 


5.0   7.0  10 
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2N5875,  2N5876  PNP,  2N5877,  2N5878  IMPIM 


- 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


'yPjYpwl  SO-  SI'  22N58778i 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  6  -  TURN-OFF  TIME 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  —  Vqe  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation,  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  Figure  5  is  based  on  Tjfp^)  =  200°C;  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are 
valid  for  duty  cycles  to  10%  provided  Tj(pk)  <200°C.  Tj(pk) 
may  be  calculated  from  the  data  in  Figure  4.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown. 


FIGURE  7  -  CAPACITANCE 
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® 


2N5879, 2N5880,  PNP 
2N5881, 2N5882  NPN 


COMPLEMENTARY  SILICON 
HIGH-POWER  TRANSISTORS 


.  .  .  designed  for  general 
applications. 


amplifier  and  switching 


•  Collector-Emitter  Sustaining  Voltage  — 

VcEO(sus)  ■  60  Vdc  (Min)  -  2N5879,  2N5881 


■  80  Vdc  (Mini 


2N5880,  2N5882 


>  DC  Current  Gain 

hpE  ■  20  (Min)  @  lc  =  6.0  Adc 

•  Low  Collector  —  Emitter  Saturation  Voltage  — 

vCE(sat)  =  10  Vdc  (Max)  @  Lcf  7.0  Adc 

•  High  Current  —  Gain-Bandwidth  Product  — 

ty  =  4.0  MHz  (Min)  @  lc  =  1  -0  Adc 

•  Recoi 


ommended  for  New  Circuit  Designs 


15  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60-80  VOLTS 
160  WATTS 


"MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 


Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


VCEO 


VCB 


VEB 


Tj.Ts, 


2N5879 
2N5881 


2N5880 
2N5882 


15 
30 


160 
0.915 





Watts 
W/°C 


°C 


THERMAL  CHARACTERISTICS 



Thermal  Resistance,  Junction  t 


0JC 


1.1 


Indicates  JEDEC  registered  data.  Limits  and  conditions  differ  on  some 
registration  reflecting  these  changes  has  been  requested.  AH  above  valu> 
present  JEDEC  registered  data. 


°C/W 


and  re- 
or  exceed 


FIGURE  1  -  POWER  DERATING 

160 

140 

5  120 
S 

|  "» 

£  so 

1 

s,  60 

1  40 

°-  20 

)        2S  ! 

0        75        1D0        125       150        175  201 
Tc.  CASE  TEMP£RATU«E(°CI 

STYLE  1: 
PIN  1.  BASE 
2.  EMITTER 
- —  J  —\     CASE:  COLLECTOR 


CASE  11-01 
TO-3 


NOTE: 

I.  DIM  "0"  IS  DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

a 

5  84 

4.09 

0.151 

0.161 

R 

26.67 

1.060 

Collector  connected  to  case. 
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2N5879,  2N5880  PNP,  2N5881,  2N5882  NPN 


'ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


|     Symbol    |        Min  M»x  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (11 
He  -  200  mAdc,  lB  -  01 

2N5879.  2N5881 
2N5880,  2N5882 

vCEO(sus) 

60 
80 

Vdc 



Collector  Cutoff  Current 

IVCE  -  30  Vdc.  IB  =  01 
1 VCE  »  40  Vdc.  i  B  -  01 

2N5879,  2N5881 
2N5880.  2N5882 

'CEO 

1.0 
1.0 

mAdc 

Collector  Cutoff  Current 

(VCE  -  60  Vdc.  VB£|0(f]  -  1.5  Vdc)                                      2N5879.  2N5881 
(VCE  -  80  Vdc.  VBE(off|  =  1.5  Vdcl                                      2N5880,  2N5882 
IVCE  =  60  Vdc,  VBE|off)  -  1.5  Vdc.  Tc  =  150°CI                    2N5879,  2N5881 
(VCE  -  80  Vdc.  VBEloff)  -  1.5  Vdc.  TC  =  150°C)                    2N5880.  2N5882 

'CEX 

0.5 
0.5 
5.0 
5.0 

mAdc 

Collector  Cutoff  Current 

(VCB-60Vdc,  lE  =  0>                                                         2N5879,  2N5881 
<VCB  =  80Vdc,  lE  =  0l                                                         2M5880.  2N5882 

!CBO 

0.5 
0.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  -  5.0  Vdc.  IC  =  0) 

!eBO 

1.0 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  111 
Hc-2  0Adc.  VCE  -  4.0  Vdcl 
llc-6.0Adc.  VCE- 4.0  Vdcl 
(lc  =  15  Adc.  VCE  =  4.0  Vdcl 

nFE 

35 
20 
4.0 

100 

Collector-Emitter  Saturation  Voltage  (1) 
llc  -  7  0  Adc.  IB  -0.7  Adc) 
(lc  =  15  Adc.  IB  -  3.75  Add 

vCEIsatl 

1.0 
4.0 

Vdc 

Base-Emitter  Saturation  Voltage (11 
(lc  "  15  Adc.  IB  -  3.75  Add 

vBE(sat) 

2.5 

Vdc 

Base-Emitter  On  Voltage  (1) 
(IC  -6.0  Adc,VCE  "  4  0  Vdc) 

VBE(on) 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain-Bandwidth  Product  12) 

(lc  -  1.0  Adc.  VCE  =  10  Vdc.  ftes,  p  1.0  MHz) 


Output  Capacitance 
(VCB  =  10  Vdc.  IE  ■ 


0,  f-  100  kHz) 


Small-Signal  Current  Gain 

dC  =  2  0  Adc,  VCE  -  4.0  Vdc.  f  -  1 .0  kHz) 



SWITCHING  CHARACTERISTICS 


2N5879.  2N5880 
2N5881.  2N5882 


hfe 


20 


600 
400 


Rise  Time 

(VCC  -  30  Vdc,  IC  -  6.0  Adc, 
lB)  -  lB2  -  0.6  Adc  See  Figure  2) 

tr 

0.7 

Storage  Time 

's 

1.0 

us 

Fall  Time 

■f 

0.8 

MS 

'Indicates  JEDEC  Registered  Data 

(1)  Pulse  Test:  Pulse  Width<  300  us.  Duty  Cycle<  2.0% 
(21  «T-  |"fe|«W 

FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 


lr.  tf*10ns 
DUTY  CYCLE  ■  1.0% 


For  NPN  lest  circuit, 
reverse  all  polarities. 


FOR  CURVES  OF  FIGURES3. 

RB  »"tl  RC*«E  VARIED  TOO 

DESIRED  CURRENT  LEVELS 

Di  MUST  BE  FAST  RECOVERY  TYPE,  eg: 
MBO5300  USED  ABOVE  IB  -  100  mA 
MSD6100  USED  BELOW  lB  -100  mA 


0.5    0.7     1.0  2.0      3.0        5.0    7.0  10 

IC.  COLLECTOR  CURRENT  (AMP) 
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2N5879,  2N5880  PIMP,  2N588V2N5882  NPIM 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  -  V^E  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation,  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pfc)  =  200°C;  Jq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are 
valid  for  duty  cycles  to  10%  provided  Tjjp^f  <200°C.  Tj(p|<) 
may  be  calculated  from  the  data  in  Figure  4.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by  second 
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2N5879,  2IM5880  PNP,  2N5881,  2N5882  NPIM 


PNP  NPN 
2N5879,  2N5880  2N5881,  2N5882 


FIGURE  8  —  DC  CURRENT  GAIN 


0.2     0.3       0.B   0.7     1.0  2.0     3.0        5.0   7.0     10  20  0.2     0.3       0.5    0.7     1.0  2.0     3.0       5.0    7.0     10  20 

IC.  COLLECTOR  CURRENT  (AMP)  lc.  COLLECTOR  CURRENT  (AMP) 


3-146 


(M)  MOTOROLA 


2N5883, 2N5884  PNP 
2N5886  NPN 


N 
RS 

amplifier  and  switching 


•  Low  Collector-Emitter  Saturation  Voltage  — 

VcE(sat)  "  1-0  Vdc,  (max|  at  Iq  =  15  Adc 

•  Low  Leakage  Current 

ICEX=  1-0  mAdc  (max)  at  Rated  Voltage 

•  Excellent  DC  Current  Gain  - 

hpE  =  20  (min)  at  Iq  =  10  Adc 

•  High  Current  Gain  Bandwidth  Product  - 

fT=4.0MHz  (min)  at  lC=  1.0  Adc 


25  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60-80  VOLTS 
200  WATTS 


"MAXIMUM  RATINGS 


Rating 

Symbol 

2N5883 
2N5885 

2N5884 
2N5886 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

veb 

5.0 

Vdc 

Collector  Current  -  Continuous 
Peak 

"c 

25 
50 

Adc 

Base  Current 

IB 

7.5 

Adc 

Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

PD 

200 
1.15 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


I  

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"JC 

0.875 

°C/W 

•Indicates  JEDEC  registered  data.  Limits  and  conditions  differ  on  some  parameters  and  re- 
registration  reflecting  these  changes  has  been  requested.  All  above  values  meet  or  exceed 
present  JEDEC  registered  data. 


FIGURE  1  -  POWER  DERATING 


TC.  CASE  TEMPERATURE  (°C) 
— 


SEATING 
PLANE 


STYLE  1: 
PIN  I.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.18 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

26.67 

1.050 

1.  0IM-Q-IS0IA.  ( 


CASE  11-01 
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P,  2N5885,  2N5886  NPN 

•ELECTRICAL  CHARACTERISTICS  <TC  -  25°C  unless  otherwise  noted) 


[ 


Characteristic 


Symbol  | 


OFF  CHARACTERISTICS 


Col  lector-E mitter  Sustaining  Voltage  1 1 1 
Oc  =  200  mAdc,  lB  =  0) 

2N5883,  2N5885 

VcEOIsusI 

60 

Vdc 

2N5884.  2N5886 

80 

- 

Collector  Cutoff  Current 
(VCE  -  30  Vdc.  IB  »  01 
(VCE  -  40  Vdc,  lB  ■  01 

2N5883,  2N5885 
2N5884.  2N5886 

'CEO 

2  0 

2.0 

mAdc 

Collector  Cutoff  Current 

IVCE  -60  Vdc.  VBE(0„|  =■  15  Vdcl 

IVCE  -  80  Vdc.  VBE(offl  -  1.5  Vdcl 

(VCE  =  60  Vdc.  VBE(of,|  •  1.5  Vdc,  TC  -  150°CI 

IVCE  -  80  Vdc.  VBE(offl  "  15  Vdc,  Tc  -  150°CI 

2N5883.  2N5885 
2N5884.  2N5886 
2N5883,  2N5885 
2N5884,  2N5886 

'CEX 

1.0 
10 
10 
10 

mAdc 

Collector  Cutoff  Current 
(VCB  -  60  Vdc,  lE  =  0) 
(VCB  =  80Vdc,  lE  =  0l 

2N5883,  2N5885 
2N5884.  2N5886 

ICBO 

10 
10 

mAdc 

Emitter  Cutoff  Current 
(VEB  =■  5.0  Vdc.  IC  =  0 

'ebo 



10 

mAdc 

ON  CHARACTERISTICS 


'Indicates  JE DEC  Registered  Data. 

11)  Pulse  Test:   Pulse  W.dth  <  300  us.  Duty  Cycle  <  2  0% 


I2>  <T"  |"f.|  •f„ 


FIGURE  2  -  SWITCHING  TIME  EQUIVALENT  TEST  CIRCUITS 
TURN-ON  TIME 


20ns  '  r  ; 

— '        »— 10  to  lOOus 
DUTY  CYCLE  «  2.0% 

TURN-OFF  TIME 


vcc 

>-30V 

Rl 

:3.o 

TO  SCOPE 

tr<20  ns 

FIGURE  3  -  TURN  ON  TIME 


p  0.2 


—       -  t,  <  20  ns 
— !         -10  to  100  us  VBB 
DUTY  CYCLE*  2.0% 


FOR  CURVES  OF  FIGURES  3  &  6,  RB  S  Rl  ARE  VARIED. 
INPUT  LEVELS  ARE  APPROXIMATELY  AS  SHOWN. 
FOR  NPN,  REVERSE  ALL  POLARITIES 


DC  Current  Gain  (11 

llc  =  3.0  Adc,  VCE  -  4.0  Vdcl 
llc  -  10  Adc.  VCE  ■=  4.0  Vdcl 
(lc  ■  25  Adc,  VCE  "  4.0  Vdc) 

"FE 

35 
20 
40 

100 

Collector-Emitter  Saturation  Voltagedl 
He  =  15  Adc,  B  ■  15  Add 
(lc  -  25  Adc.  IB  =  6.25  Add 

vCE(sat) 

10 
4.0 

Vdc 

Base-E  muter  Saturation  Voltage  1 1 1 
0e  ■  25  Adc,  lB  •  6.25  Adc) 

vBE(satl 

2.5 

Vdc 

Base-Emitter  On  Voltage  (11 
(lc  =  10  Adc.  VCE  -  4.0  Vdcl 

v8E(onl 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

,  

Current-Gain-Bandwidtti  Product  (21 

(lc  -  1.0  Adc.  VCE  =  10  Vdc.  f,es,  =  1.0  MHz) 

*T 

40 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc,  lE  "  0,  f  ■  1.0  MHz)                                          2N5883.  2N5884 

2N5885.  2N5886 

cob 

1000 
500 

pF 

Small-Signal  Current  Gain 

(lc  -  3.0  Adc,  VCE  =  4.0  Vdc.  ftest  -  1.0  kHz) 

hfe 

20 

SWITCHING  CHARACTERISTICS 

Rise  Time 

(VCC  =  3"  Vdc,  lc  "  10  Adc, 

iB,  -  iBs  =  1.0  Add 

tf 

0  7 

us 

Storage  Time 

's 

1.0 

MS 

Fall  Time 

'f 

0.8 

US 

0.3       0.5   0.7    1.0  2.0     3.0        5.0   7.0  10 

IC,  COLLECTOR  CURRENT  (AMPERES) 


3-148 


2N5883,  2N5884  PNP,  2N5885,  2N5886  NPN 


ACTIVE-REGION  SAFE  OPERATING  AREA 


1.0         2.0    3.0       5.0  7.0    10  20     30        50  70 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq-VcE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk|  «  200°C:  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  <  200°C  TJ(pk|  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  6  -  TURN  OFF  TIME 


FIGURE  7  -  CAPACITANCE 
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2N5883,  2N5884  PNP,  2N5885,  2ISI5886  NPN 


PNP  DEVICES 


NPN  DEVICES 


FIGURE  8  —  DC  CURRENT  GAIN 
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FIGURE  9  -  COLLECTOR  SATURATION  REGION 
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FIGURE  10  -  "ON"  VOLTAGES 
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(M)  MOTOROLA 


2N5974,2N5975,2N5976 


PNP  SILICON  PLASTIC  POWER  TRANSISTORS 

.  .  .  designed  for  use  in  general  purpose  amplifier  and  switching 
applications. 


•  DC  Current  Gain  Specified  to  5  Amperes 
hFE  =  20-120  @lc  =  2.5  Adc 

■7.0(Min)@lc=  5.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  - 

VCEOIsusI  =  40  Vdc  (Mini  -  2N5974 
=  60  Vdc  (Mini  -  2N5975 
=  80  Vdc  (Mini  -  2N5976 

•  High  Current  Gain  -  Bandwidth  Product  - 

fT  -  2.0  MHz  (Min)  @  lC  =  500  mAdc 

•  Complements  to  NPN  Transistors  2N5977,  2N5978 


5  AMPERE 
POWER  TRANSISTORS 


•MAXIMUM  RATINGS 


Emitter-Base  Voltage 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Base  Current 


Total  Power  Dissipation 
@  TC  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


VCB 


VEB 


Tj.Tsi 


5.0  - 
10  - 


-75  - 
0.60 


-65  tot  150 


Adc 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Charactenstic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"JC 

1  67 

°C/W 

•Indicates  JE  DEC  Registered  Data  for  2N5974  Series. 


FIGURE  1  -  POWER  DERATING 
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I  1   r 


STYLE  2: 

PIN  1.  EMITTER 

2.  COLLECTOR 

3.  BASE 


NOTES: 

1.  DIM  "D"  UNCONTROLLED  IN  ZONE  "H" 

2.  DIM  "F"  DIATHRU 

3.  HEAT  SINK  CONTACT  AREA  (BOTTOM) 

4.  LEADS  WITHIN  0.005"  RAO  OF  TRUE 
POSITION  (TP)  AT  MAXIMUM  MATERIAL 
CONDITION. 


DIM 

MILLIMETERSl  INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.636 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22  BSC 

0.166  BSC 

H 

2.67 

2.92 

0.105 

0  115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9°  TYP 

9°  TYP 

a 

4.70 

4,95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.256 

V 

2.03 

0.080 

CASE  90-05 

TO-127 
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2N5974,  2N5975,  2N5976 


•ELECTRICAL  CHARACTERISTICS  ITC  -  25°C  unless  otherwise  noted! 

  I 


Characteristic 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  ( 1 ) 
Uc-100mAdc,  I B  =  0) 


2N5974 
2N5975 
2N5976 


vCE0(sus) 


40 
60 
80 


Collector  Cutoff  Current 
(VCE  =  20Vdc.  IB  =  0I 
(VCE  -  30  Vdc,  lB  =  01 
IVCE  =  40  Vdc,  I B  =  0) 


2N5974 
2N5975 
2N5976 


'CEO 

— 


1.0 
1.0 
1.0 


Collector  Cutoff  Current 

(VCE  =  60  Vdc.  VEB(off]  =  1.5  Vdcl  2N5974 
(VCE  =  80  Vdc.  VEB(offl  '  1  5  Vdc>  2N5975 
(VCE  »  100  Vdc.  VEB(off)  "  15  Vdc)  2N5976 
(VCE  =  40  Vdc,  VEBIoff|  =  1.5  Vdc,  2N5974 
TC  =  125°CI 

(VCE  =  60  Vdc,  VEB(off)  =  '  S  Vdc,  2N5975 
TC  = 125°C) 

(VCE  -  80  Vdc,  VEB(off)  =  1.5  Vdc.  2N  5976 

TC=  125°C) 


ICEX 


_ 
_ 
_ 
- 

- 


100 
100 
100 

1.0 


1.0 
1.0 


Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc.  IC  =  0) 


<EBO 


1.0 


ON  CHARACTERISTICS 


DC  Current  Gain 

llc  =  0.5  Adc.  VCE  =  2.0  Vdc) 

hFE 

40 

He  =  2.5  Adc.  VCE  -  2.0  Vdc) 
dC  "  5.0  Adc.  Vce  -  2.0  Vdc) 

20 
7.0 

120 

Collector-Emitter  Saturation  Voltage 
«C-  2.5  Adc.  lB  =  250mAdc) 
(lC  =  5.0  Adc,  lB  =  750mAdcl 

vCE(sat) 

Vdc 

0.6 
1.7 

Base-Emitter  Saturation  Voltage 
(lc  =  5.0  Adc,  lB  =  750  mAdcl 

vBEIsat) 

Vdc 

2.5 

Base-Emitter  On  Voltage 

(lC  "  2.5  Adc,  VCE  =  2.0  Vdcl 

vBE(on) 

1.4 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain  —  Bandwidth  Product  12) 

<lc  =  500  mAdc,  VCE  *  10  Vdc.  ftest  -  1.0  MHz) 


Output  Capacitance 

(VCB  -  10  Vdc,  lE  =  0.  f  -  0.1  MHz) 


Smail-Signal  Current  Gain 
(lC  =  0.5  Adc,  VCE  =  4.0  Vdc,  f  = 


>kHz) 


hfe 





'Indicates  JEDEC  Registered  Data 

(1)  Pulse  Test:  Pulse  Widthfi-300  us.  Duty  CvcleS2.0% 

(2)  fT  =  |hfe|»f,.„ 

FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 

vec 
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FIGURE  3  -  TURN-ON  TIME 
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2N5974,  2N5975,  2N5976 


FIGURE  4  -  THERMAL  RESPONSE 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq-VcE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation:  i.e..  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  150°C:  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj|pk)  $  150°C  TJ(pk|  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCE 
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2N5977,2N5978,2N5979 

(M)  MOTOROLA 


NPN  SILICON  PLASTIC  POWER  TRANSISTORS 

.  .  .  designed  for  use  in  general  purpose  amplifier  and  switching 
applications. 


•  DC  Current  Gain  Specified  to  5  Amperes 

hpE  =  20-120  @  IC  =  2.5  Adc 
=  7.0  (Min)  @  lc  =  5.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  — 

vCEO(sus)  =  40  Vdc  (Min)  -  2N5977 
-  60  Vdc  (Min)  -  2N5978 
=  80  Vdc  (Min)  -  2N5979 

•  High  Current  Gain  —  Bandwidth  Product 

tj  =  2.0  MHz  (Min)  @  \q  =  500  mAdc 

•  Complement  to  PNP  Transistors  — 

2N5974,  2N5975,  2N5976 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector 


Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Base  Current 


Total  Power  Dissipation 
@  Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCE0 


VCB 


VEB 


PD 


TjTstg 


60         I  80 


•  5.0  ■ 
■  10  ■ 


■  2.0 


■  76   

0.60   


  -65  to +150 


Adc 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 





Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

»JC 

1.67 

°C/W 

•Indicates  JEDEC  Registered  Data 


FIGURE  1  -  POWER  DERATING 
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5  AMPERE 
POWER  TRANSISTORS 

NPN  SILICON 

40-60-80  VOLTS 
75  WATTS 


Up 
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NOTES: 

1.  DIM  "D"  UNCONTROLLED  IN  ZONE  "H" 

2.  DIM  "F"  DIA  THRU 

3.  HEAT  SINK  CONTACT  AREA  (BOTTOM) 

4.  LEA0S  WITHIN  0.005"  RAD  OF  TRUE 
POSITION  (TP)  AT  MAXIMUM  MATERIAL 
CONDITION. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.646 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22  BSC 

0.16 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° 

TYP 

go 

TYP 

a 

4.70 

4.95 

0.195 

A 

1.91 

0.085 

u 

6.22 

0.255 

V 

2.03 

-    1  0.080 

- 

CASE  90  05 

TO-127 
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2N5977,  2N5978,  2N5979 


♦ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unlets  otherwise  noted) 
|  Characteriitic  |       Symbol  Min  Mix  Unit 


OFF  CHARACTERISTICS 


Col  lector-Emitter  Sustaining  Voltage  ( 1 ) 

VCEOIsuil 

Vdc 

(lc  "  '00  mAdc.  IB  -  01 

2N5977 

40 

2N5978 

60 

2N5979 

SO 

Collector  Cutoff  Current 

'CEO 

mAdc 

(VCE  =  20  Vdc,  lB  -  0) 

2N5977 

1.0 

(VCE  -  30  Vdc,  lB  -  0) 

2N6978 

1.0 

(VCE  -  40  Vdc,  lB  =  0) 

2N5979 

1.0 

Collector  Cutoff  Current 

'CEX 

(VCE-60Vdc.  VEBIo(f|- 

1.5  Vdc) 

2N5977 

100 

MAdc 

(VCE  =  80  Vdc,  VEB(off)  " 

1.5  Vdc) 

2N5978 

100 

(VCE  =  100Vdc.  VEB,oftl 

-  1.5  Vdc) 

2N5979 

100 

(VCE  -  40  Vdc.  VEB(of„  - 
TC  -  125°CI 

1.5  Vdc. 

2N5977 

1.0 

mAdc 

(VCE  -  60  Vdc.  VEB(off|  " 

1.5  Vdc, 

2N5978 

1.0 

TC  =  125°C) 

IVCE  "  80  Vdc.  VEB(off|  - 

1.5  Vdc. 

2N5979 

1.0 

TC-125°CI 

Emitter  Cutoff  Current 

'EBO 

mAdc 

(VBE-5.0Vdc,  lc-0) 

1.0 

ON  CHARACTERISTICS 


DC  Current  Gain 

lie  -  0.5  Adc.  VCE  -  2.0  Vdc) 
(lc  =  2.5Adc.  VCE  =  2.0  Vdc) 
(IC  =  5.0  Adc.  VCE  -2.0  Vdc) 

nFE 

40 
20 

7.0 

120 

Collector-Emitter  Saturation  Voltage 
llc-  2.5  Adc.  IB  -  250  mAdc) 
dC  =  5.0  Adc,  lB  =  750  mAdc) 

VcElsat) 

0.6 
1.7 

Vdc 

Base-Emitter  Saturation  Voltage 
He  -  5.0  Adc,  1 B  =■  750  mAdc) 

vBE(sat) 

2.5 

Vdc 

Base-Emitter  On  Voltage 
llc  -  2.5  Adc,  VCE  -  2.0  Vdc) 

vBE(onl 

1.4 

Vdc 

DYNAMIC  CHARACTERISTICS 

 :  1  i  

Current  Gain  —  Bandwidth  Product  (2) 

llc  =  500  mAdc.  VCE  -  10  Vdc.  ftest  =  1 .0  MHz) 

1 

2.0 

MHz 

Output  Capacitance 

IVCB  -  10  Vdc,  lE  -  0,  f  -  0.1  MHz) 

Cob 

200 

pF 

Small-Signal  Current  Gain 

(lc  -  0.5  Adc.  VCE  -  4.0  Vdc,  f  -  1.0  kHz) 

hfe 

20 

- 

'Indicates  JEDEC  Registered  Data 

Ill  Puis.  Test:  Pulse  WidthS.300  «s.  Duty  Cycl.S2.0%. 
12)  fx  -  |  h)0  |  .  ,,„„ 


+  11  V 


HIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
D|  MUST  BE  FAST  RECOVERY  TYPE,  eg 
MBO5300USEO  ABOVE  l8 -100  mA 
MSD6100  USEO  BELOW  lB  =100  mA 


FIGURE  3  -  TURN-ON  TIME 


0.2     0.3       0.5  1.0 
IC.  COLLECTOR  CURRENT  (AMP) 
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2N5977,  2N5978,  2N5979 


FIGURE  4  -  THERMAL  RESPONSE 
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ACTIVE-REGION  SAFE  OPERATING  AREA 


bility  of  a 


There  are  two  limitations  on  the  power  handling  abilit 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  'c^CE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|()  -  150°C;  Trj  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj|p|<)  <  150°C.  Tj(p|<)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


VCE.  COLLECTOR  EMITTER  VOLTAGE  IV0LTSI 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCE 
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® 


2N5986,2N5987?2N5988  PNP 


HIGH  POWER  PLASTIC 
COMPLEMENTARY  SILICON  POWER  TRANSISTORS 

. .  designed  for  use  in  general-purpose  amplifier  and  switching  circuits. 


:tor  I 


Collector  Base  Voltage  -  VCBO  =  6"  Vdc  -  2N5986.  2N5989 
=  80  Vdc  -  2N5987,  2N5990 


8.  2N5991 


•  Collector  Emitter  Voltage  -  VCEO  '  40  Vdc  -  2N5986,  2N5989 

=  60  Vdc  -  2N5987,  2N5990 
■  80  Vdc  -  2N5988.  2N5991 


•  DC  Current  ( 

FE  =  7.0  (Mini  @  IC  =  12  Adc 

•  Collector  Emitter  Saturation  Voltag 

VcE(sat)  -  0.7  Vdc  (Max)  @  lC  =  6.0  Adc 


•MAXIMUM  RATINGS 


Rating 

Symbol 

2N5986 
2N5989 

2N5987 
2N5990 

2N5988 
2N5991 

Unit 

Collector-Base  Voltage 

VCB 

60 

80 

100 

Vdc 

Collector-Emitter  Voltage 

vCEO 

40 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  -  Continuous 
Peak 

'C 

12 

20 

Adc 

Base  Current 

'B 

4  0 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

PD 

100 

08 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  *150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Mm 

Unit 

Thermal  Resistance.  Junction  to  Case 

"JC 

1  25 

°c/w 

•Indicates  JEDEC  Registered  Data 
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FIGURE  1  -  POWER  DERATING 
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12  AMPERE 


POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

40.  60.  80  VOLTS 


Z&S-  J— 


-lu- 


ll 

|  l^_C_  3  [ 


STYLE  2: 

PIN  1.  EMITTER 

2.  COLLECTOR 

3.  BASE 


NOTES: 

1  DIM  "0"  UNCONTROLLED  IN  ZONE  "H" 

2.  DIM  "F"  DIA THRU 

3.  HEAT  SINK  CONTACT  AREA  (BOTTOM) 

4.  LEADS  WITHIN  0.005"  RAD  OF  TRUE 
POSITION  (TP)  AT  MAXIMUM  MATERIAL 
CONDITION. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22  BSC 

0.166  BSC 

H 

267 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9°  TYP 

9°  TYP 

Q 

4.70 

4.95  1  0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.265 

V 

2.03 

- 

0.080 

CASE  90-05 
TO  1 27 
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2N5986,  2N5987,  2N5988  PNP/  2N5989,  2N5990,  2N5991  NPN 

■ 


•ELECTRICAL  CHARACTERISTICS  ITC  -  25°C  i 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
IIC  =  0.2  Adc,  lB-0) 





2N5986.  2N5989 
2N5987,  2NB990 
2N5988,  2N5991 


BVcEOUui) 


40 

60 
80 


Collector  Cutoff  Current 
(VCE  =  20  Vdc.  PB  =  01 
(VCE  -  30  Vdc.  IB  -  01 
IVCE  =  40  Vdc,  lB  =  01 


. 2N5989 
2N5987.  2N5990 
2N5988.  2N5991 








2.0 
2.0 
2.0 


Collector  Cutoff  Current 

(VCE  -  60  Vdc.  VBEIoff)  ■  1.5  Vdc) 

IVcE-80Vdc.  VBE|offl  =  1.5Vdcl 

IVCE  =  100  Vdc,  VBE(off)  -  1.5  Vdc) 

IVCE  =  40  Vdc.  VBE(of()  -  1.5  Vdc.  Tc  -  125°CI 

IVCE  -  60  Vdc.  VBE(o(f|  -  1.5  Vdc,  Tc  -  125°CI 

IVCE  =  80  Vdc,  VBE(0fft  -  1.5  Vdc.  Tc  •  125°CI 


2N5986,  2M5989 
2N5987.  2N5990 
2N5988.  2N5991 
2N5986.  2N5989 
2N5987,  2N5990 
2N5988,  2N5991 ' 


200 
200 
200 

2.0 
2.0 
2.0 


Emitter  Cutoff  Current 
IVBE  ■>  5.0  Vdc.  IC  -  0) 


'EBO 


ON  CHARACTERISTICS 


DC  Current  Gain 

He  -  1-5  Adc,  VCE  '  2.0  Vdcl 
(lc  -  6.0  Adc.  VCE  -  2.0  Vdc) 
llc  =  12Adc.  VCE-2.0Vdc) 


nFE 


40 

20 

7.0 


Collector-Emitter  Saturation  Voltage 
llc  =6.0  Adc.  IB  -0.6  Adc) 
llc  -  12  Adc.  IB  -  1.8  Adc) 


VcE(sat) 


0.6 
1.7 


Base-Emitter  Saturation  Voltage 

llc  =  12  Adc.  iB  =  1.8  Adc)  


vBE(sat) 


Base-Emitter  On  Voltage 

(lc  -  6.0  Adc.  VCE  -  2.0  Vdc) 


vBEIonl 





_ 


_ 


 —  


 I 


DYNAMIC  CHARACTERISTICS 


Current-Gain  -  Bandwidth  Product 

lip  ■  0  5  Adc,  VCE  =  10  Vdc,  f,ell  =  1.0  MHz) 


Output  Capacitance 

(VCB  =  10  Vdc.  IE  -  0,  f  -  10  MHz) 


2N5986  thru  2N5988 
J  thru  2N5991 


Cob 


500 
300 


Small-Signal  Current  Gain 

llc '2.0  Adc.  VCE  -  4.0  Vdc,  f  =  1.0  kHz) 


hf. 


20 


■Indicates  JEOEC  Registered  Data. 
ID  fT-  |h,.|  .»,.„ 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 


"r.  ti'lOni 
DUTY  CYCLE  ■  1.0* 


d  Rc  VARIEO  TO  OBTAIN  0ESIRE0  CURRENT  LEVELS 


Di  MUST  BE  EAST  RECOVERY  TYRE,  eg 
MBD5300  USED  ABOVE  IB  ~100  «A 
MSD6100USEO  BELOW  IB  »100mA 

For  PNP  ten  circuit  reverse  diode  and  voltage  polarities 


0.5  1.0  2.0 

IC.  COLLECTOR  CURRENT  (AMP) 
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2N5986,  2N5987,  2N5988  PNP/  2N5989, 


l#  2N5991  NPN 


FIGURE  5  -  ACTIVE  REGK 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq  —  Vqe  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk}  =  150°C ;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<)  <150°C  Tjjpkj  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
ons  imposed  by  second  breakdown. 


iiiciiiiai   xa  i  iu  i  ii  will 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  6  -  TURN-OFF  TIME  FIGURE  7  -  CAPACITANCE 


IC.  COLLECTOR  CURRENT  (AMP)  Vr,  REVERSE  VOLTAGE  (VOLTS) 
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2ISI5986,  2N5987,  2N5988  PNP/  2N5989,  2N5990,  2N5991  NPN 


FIGURE  10  -  "ON"  VOLTAGES 


16  COLLECTOR  CURRENT  (AMP]  ,c,  COLLECTOR  CURRENT  (AMP) 
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® 


MOTOROLA 


2N6034,2N6035,2N6036  PNP 
2N6037, 2N6038, 2N6039  NPN 


PLASTIC  DARLINGTON  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  general-purpose  amplifier  and  low-speed  switching 
applications. 

•  High  DC  Current  Gain  - 

hFE  =  2000  (Typ)  @  lC  =  2.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  -  @  100  mAdc 

VCEO(sus)  =  40  Vdc  (Min|  _  2N6034.  2N6037 
=  60  Vdc  (Min)  -  2N6035,  2N6038 
=  80  Vdc  (Min)  -  2N6036,  2N6039 

•  Forward  Biased  Second  Breakdown  Current  Capability 

IS/b=  1-5  Adc  @  25  Vdc 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Resistors  to  Limit  Leakage  Multiplication 

•  Space-Saving  High  Performance-to-Cost  Ratio 

TO-126  Plastic  Package 


DARLINGTON 
4- AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

40,  60,  80  VOLTS 
40  WATTS 


.  


♦MAXIMUM  RATINGS 


Rating 

Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 
Collector  Current  -  Continuous 


Base  Current 

Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation  @  T^ 
Derate  above  25°C 


-  25°C 


Operating  and  Storage  Junction 

Temperature  Range 
THERMAL  CHARACTERISTICS- 


Symbol 


vCEO 


VCB 


VEB 


Pd 


pd 


TJ.Tstg 


2N6034 
2N6037 


2N6035  2N6036 
2N6038  2N6039 


60 


-4.0- 
-8.0- 


-40  — 
-0.32- 


-0.012- 


Vdc 
"Vdc- 


Watts 
W/°C 


Watts 
W/°C 
-5c- 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

0JC 

3.12 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

0JA 

83.3 

°c/w 

•Indicates  JEDEC  Registered  Data. 

FIGURE  1  -  POWER  DERATING 


0         20         40         60         80        100,        120  140 
T,  TEMPERATURE  t°C) 



NOTE: 

I.  LEADS,  TRUE  POSITIONED 
WITHIN  0.25  mm  10.0101  DIA. 
TO  DIM.  "A"&  "B"  AT 
MAXIMUM  MATERIAL 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

■ 

7  49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0  51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

0 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.695 

0.655 

lit 

3 

>TYP 

3°  TYP 

0 

3.76 

4.D1 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0  89 

0.025 

0.036 

u 

3.68 

3.94 

0.155 

V 

1.02 

CASE  77-04 
TO-126 
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2N6034,  2N6035,  2N6036  PNP 
2N6037,  2IM6038,  2N6039  NPN 


•ELECTRICAL  CHARACTERISTICS  ITC-  25°C  unless  otherwise  notedl 


Characteristic 


OFF  CHARACTERISTICS 





Collector-Emitter  Sustaining  Voltage 
llc-100mAdc,  lB  =  0) 


2N6034,  2N6037 
2N6035.  2N6038 
2N6036,  2N6039 


Collector -Cutoff  Current 
IVCE  =  40  Vdc,  lB  -  01 
IVCE  -  60  Vdc,  lB  -  01 
(VCE  -  80  Vdc,  lB  =  01 


2N6034,  2N6037 
2N6035,  2N6038 
2N6036,  2N6039 


Collector  Cutoff  Current 

IVCE  -40  Vdc,  VBE,off  |  =  1.5  Vdcl 
(VCE  =  60  Vdc,  V8Elof()  -  US  Vdcl 
IVCE  -  80  Vdc,  VBE(offl  -  1.5  Vdcl 
(VCE  -  40  Vdc,  VBE(off)  -1.5  Vdc 

Tc  -  125°CI 
I VCE  -  60  Vdc.  VBE|off,  =  1.5  Vdc 

Tc  -  125°CI 
IVCE  =  80  Vdc,  VBE(offl  -  1.5  Vdc 

TC  =  125°CI 


2N6034,  2N6037 
2N6035,  2N6038 
2N6036,  2N6039 

2N6034,  2N6037 

2N6035,  2N6038 

2N6036,  2N6039 


Collector  Cutoff  Current 
IVCB  -  40  Vdc,  lE  -  01 
IVCB  ■  60  Vdc,  lE  -  01 
IVC8  =  80  Vdc,  lE  -  0) 


2N6034,  2N6037 
2N6035.  2N6038 
2N6036,  2N6039 


Emitter  Cutoff  Current 
IVBE  =5.0  Vdc,  IC-Q) 


vCEOIsus) 


'CEO 


'CEX 


'CBO 





40 
60 
80 


100 
100 
100 


100 
100 


500 
500 
500 


0.5 
0.5 
0.5 


nA 


JiA 


ON  CHARACTERISTICS 


DC  Current  Gain 

llc  -  0.5  Adc,  VCE  -  3.0  Vdcl 
(lc  "  2.0  Adc,  VCE  =  3.0  Vdcl 
(IC  -  4.0  Adc.  VCE  -  3.0  Vdcl 


Collector-Emitter  Saturation  Voltage 
IIC -2.0  Adc.  lB-8.0mAdcl 
IIC  -  4.0  Adc.  IB  -  40  mAdcl 


VcElsatl 


Base-Emitter  Saturation  Voltage 
llc  '  4.0  Adc,  lB  =  40  mAdcl 


VBE(satl 


Base-Emitter  On  Voltage 

He  -  2.0  Adc,  VCE  -  3.0  Vdcl 


DYNAMIC  CHARACTERISTICS 


VBElonl 


500 
750 
100 


2.0 
3.0 


2.8 


Small-Signal  Current-Gain 
(IC  -  0.75  Adc,  VCE  -  10  Vdc,  f  =  1 .0  MHz! 


Output  Capacitance 

I VCB  -  10  Vdc.  IE  =0.  f  =  0.1  MHzl  2N6034,  2N6035.  2N6036 


DUTY  CYCLE  ■  1  OS 


0.1  D.2  0.4     0.6  1.0 

IC.  COLLECTOR  CURRENT  IAMPI 
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2N6034,  2N6035,  2N6036  PNP 
2N6037,  2N6038,  2N6039  IMPN 


FIGURE  4  -  THERMAL  RESPONSE 


ACTIVE  REGION  SAFE  OPERATING  AREA 


Ur 
7.0  " 

5.0  - 

3.0  - 
2.0  - 

1.0  : 
0.7  : 
0.5  - 

0.3  - 
0.2  - 


FIGURE  5  -  2N6034.  2N6035,  2  N6036 


1.0  ms=^s 


Tj«  150°C 
■  BONDING  WIRE  LIMITED 
•  THERMALLY  LIMITED 

9  TC  =  25°C  (SINGLE  PULSE) 
-  SECOND  BREAKDOWN  LIMITED 


7.0        10  20         30  50  70 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  6  -  2N6037  2N6038  .  2  N6039 


5.0 


10  20         30  50  70 

CE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  VcE  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  5  and  6  is  based  on  Tj{pk)  =  150°C;  Jq  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(Dk|  <150°C.  Tj(pk) 
may  be  calculated  from  the  data  in  Figure  4.  At  high  case  tempera- 
tures, thermal  I  imitations  will  reduce  the  power  that  can  be  handled 
to  values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  7  -  CAPACITANCE 


I  I  I  III 


■  NPN 
I  I 


0.04  0.06  0.1      0.2      0.4  0.6  1.0 
VR,  REV 


Cib 


Tc  -  25°C 


Cob- 


4.0  6.0    10  20 
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2N6034,  2N6035,  2N6036  PNP 
2N6037,  2N6038,  2N6039  NPN 
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® 


MOTOROLA 


2N6040  thru  2N6042  PNP 
2N6043  thru  2N6045  NPN 
MJE6040  thru  MJE6042  PNP 
MJE6043  thru  MJE6045  NPN 


PLASTIC  MEDIUM-POWER 
COMPLEMENTARY  SILICON  TRANSISTORS 

.  .  .  designed  for  general-purpose  amplifier  and  low-speed  switching 
applications. 
>  High  DC  Current  Gain  - 

hpE  -  2500  (Typ)  @  lc  =  4.0  Adc 


Collector-Emitter  Sustaining  Voltage  -  @  1C 
VcEO(sus)  =   60  Vdc  (Min)  -  2N6040. 1 

=   80  Vdc  (Mini  -  2N6041,  2N6044 
=  100  Vdc  (Min)  -  2N6042.  2N6045 
Low  Collector-Emitter  Saturation  Voltage  -  (il 

vCE(sat)  "  2.0  Vdc  (Max)  @  lc  =  4.0  Adc  -  2N6040,41,2N6043,44 
=  2.0  Vdc  (Max)  @  lC  =  3.0  Adc  -  2N6042,  2N6045 
Monolithic  Construction  with  Built-in  Base-Emitter 
Shunt  Resistors 


( 1 )  Applies  to  corresponding  in  house  part  numbers  also. 


•MAXIMUM  RATINGS 





Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation  @  TA  =  25°C 
Derate  above  25°C 


Operating  ai 
Temperature 


nd  Storage 
3ture  Rang* 


vCEO 


VCB 


VEB 


Tj,  Tstg 


2N6040 
2N6043 
MJE6040 
MJE6043 


60 


2N6041 
2N6044 
MJE6041 
MJE6044 


80 


2N6042 
2N6045 
MJE6042 
MJE6045 


100 


8.0  ■ 
- 16  - 


-65  to  +  150  - 


Watts 
W/°C 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

«JC 

1  07 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

"JA 

57 

°C/W 

•Indicates  JEDEC  Registered  Data 


FIGURE  1  -  POWER  DERATING 


40         60         80        100        120  140 
T.  TEMPERATURE  Ml 


DARLINGTON 
8  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60  80  100  VOLTS 
75  WATTS 


j— s 


A 


L7 


DIM 

MltLIM 

FTEHL 

INC 

ES 

MIN 

MAX 

MIN 

MAX 

A 

14.60 

15  75 

0  5  7S 

UUifJ 

B 

3.65 

10  29 

0  380 

(1  405 

C 

4  06 

4  62 

Q  '60 

1  190 

0 

0  64 

0  fia 

0  025 

0  (135 

F 

3  El 

3  73 

0  !42 

[II! 

G 

241 

2  67    009S    0  105 

H 

2  73 

J  93    DUO    0  155 

J 

0  36 

0  56     0014    0  022 

K 

13  70 

142? 

■:  50  r 

0  562 

I 

I  39 

L  Gi  ■" 

0  0'..; 

4  83 

5  33 

0.190 

ii  210 

0 

2.54 

3  04 

0  100 

(1  120 

It 

2  04 

2  13 

0-080 

(I  1  10 

s 

1  14 

1  39 

: 

LI  n--- 

T 

597 

5  48 

J ..  ■ 

0  355 

U 

EDO 

1  27 

•:•  too 

0  050 

V 

1  14 

0.D4S 

u 

I 

2  03 

NOTES 

1  DIMENSION  H  APPLIES  TO  ALL  LEADS 
]  DIMENSION  L  APPLIES  TO  LEADS  I 
AND  3 

3  DIMENSION  Z  DEFINES  A  ZONE  WHERE 
AU  BOO'  AND  LEAD  II 
ARE  ALLOWED 


MSIY14  SM  1311 


m 

-i  4- 

up 


Jot' 


MJE6040 

thru 
MJE6045 


"±L 


N  1  EMITTER 

2  COLLECTOR 

3  BASt 


DIM 

■  ■ 

INCHES 

MIN 

MAI 

4 

IG  13 

o  n 

il  6<E 

■ 

■  j  !,  ■ 

■:  ■  ■ 

-  !■.!'■ 

:  vii 

i  ;i 

o  :* ; 

;  :je 

1 

:e 

!  13S 

i:  is 

H 

It) 

tj  105  Ta  '• ' e 

0  032    0  034 

■ 

It  Ii 

it  :;• 

■ 

9o  up 

1  JEJ 

t  ai 

1!  Ill- 

1.'  If 5 

R 

?  16 

m 

:■  ■ ;  e. 
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2N6040  thru  2N6042  PNP 
2N6043  thru  2N6045  NPISI 
MJE6040  thru  MJE6042  PNP 
MJE6043  thru  MJE6045  NPN 


•ELECTRICAL  CHARACTERISTICS  ITC'  25°C  unless  otherw.se  noted! 


Charact  er  i  st  ic 


OFF  CHARACTERISTICS 





Collector  Emitter  Sustaining  Voltage 
|IC  -  100  mAde.  Ig  =  0) 


2N6O40.  2N6043. 
2N6041.2N6044, 
2N6042.  2N6045. 


MJE6040.  MJE6043 
MJE6041.  MJE6044 
MJE6042.  MJE6045 


VCEOIsusI 


Collector  Cutoff  Current 
IVCE  '  60  Vdc,  'B  =  0) 
IVce  ■  80  Vdc,  lB  ■=  0) 
(VCe  =  100  Vdc,  lB  =  01 


2N6040.  2N6043 
2N6041,  2N6044 
2N6042.  2N604S 


MJE6040.  MJE6043 
MJE6041.  MJE6044 
MJE6042.  MJE6045 


'CEO 







8 

20 
200 
200 
200 


Collector  Cutoff  Current 

<VCE  ■  60  Vdc.  VBe(o|f,  - 
IVCE  =80  Vdc.  V8Elo,f)  : 

ivCE  =  loo  vdc.  vBE(ofn 

(VCE  =60  Vdc,  VBE(o(n  - 

TC=  150°C1 
IVCE  =  80  Vdc.  VB£(0ff)  = 

TC  - 150°C) 
fVCE  =  100  Vdc.  VBE(o„, 

TC  -  150°CI 


1.5  Vdcl  2N6040.  2N6043. 
15  Vdc)  2N6041.  2N6044, 
■  1.5  Vdc)  2N6042.  2N6045, 

1.5  Vdc, 

2N6040.  2N6043, 

1.5  Vdc. 

2N  6041.  2N  6044. 

=  1.5  Vdc. 

2N6042.  2N6045, 


MJE6040.  MJE6043 
MJE6041.  MJE6044 
MJE6042.  MJE6045 

MJE6040.  MJE6043 

MJE6041.  MJE6044 

MJE6042.  MJE6045 


sllector  Cutoff  Current 
(Vce  =  60  Vdc.  if  =  0) 
IVC8  =  80  Vdc.  IE  =  01 
<VCB  =  100  Vdc.  Ig  ■  0) 


2N6040,  2N6043. 
2N6041.  2N6044. 
2N6042,  2N6045, 


MJE6040.  MJE6043 
MJE6041,  MJE6044 
MJE6042.  MJE6045 


Timer  Cutoff  Current 
IVBE  =  50  Vdc.  IC  =  0) 


20 


ON  CHARACTERISTICS 


DC  Current  Gain 

(lc  =  4.0  Adc.  VCE  =  4-0  Vdc,  2N6040.41.  2N6043.44,  MJE6040.41,  MJE6043.44 
(lc  -  3.0  Adc,  Vce  =  4.0  Vdc)  2N6042.  2N6045.  MJE6042,  MJE6045 
(lr  -  8  0  Adc.  VrF     4  0  Vdc)  All  Types 

hF£ 

1000 
1000 
100 

20.000 
20,000 

Collector- Em. tier  Saturation  Voltage 

(IC  =  4  0  Adc.  IB  =  16  mAdc)    2N6040.41 .2N6043.44.MJE6040.41  MJE6043.44 
<IC  =  3.0  Adc.  la  =  12  mAdcl    2N6O42.2N  6045.MJE6042.MJE6045 
IIC     8  0  Adc.  IB  --  80  mAdc)     All  Types 

^CEIsat) 

- 

_ 

20 
20 
40 

vac 

Base-Emitter  Saturation  Voltage 
(lC     H  0  AlI,  .  iH  -  80  mAdc) 

^BEIsat) 

1  5 

Vdc 

Base-Emitter  On  Voltage 

UC  "  4  0  Adc.  VqE  =  4  0  Vdcl 

VBElon) 

28 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small -Signal  Current  Gain 

dC  "  3.0  Adc,  VCE  =  4.0  Vdc.  f -1.0  MHz] 

1-fel 

4  0 

Output  Capacitance 

(VCB  =  10  Vdc.  IE  =  0.  f  ■  01  MHz)     2N6040/2N6042.  MJE6040/MJE6042 
2N6043'2N6045.  MJE6043'MJ£6045 

Cob 

DF 

Small-Signal  Current  Gain 

(lC  ■  3.0  Adc,  VCE  =40  Vdc,  f  -  1.0  kHil 

300 

'Indicates  JEDEC  Registered  Data. 


FIGURE  2  -  SWITCHING  TIMES  TEST 


FIGURE  3  -  SWITCHING  TIMES 


Hfl&  He  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
0).  MUST  BE  FAST  RECOVERY  TYPES,  e.g. 

MBD5300  USED  ABOVE  Iq  «  100  mA 

MSD6100  USED  BELOW  I  g  *  100  mA 


V2 
approx 


Rb      k  — 1 


fortj  andlr,  0]  il  disconnected 
and  V;  =  0 

For  NPN  leil  circuit  reverse  all  pularmes  and  01 


0.2     0.3       0  5   0.7     1.0  2.0  3.0 

IC.  COLLECTOR  CURRENT  (AMP) 


5.0   7.0  10 
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2N6040  thru  2N6042  PNP 
2N6043  thru  2N6045  NPN 
MJE6040  thru  MJE6042  PIMP 
MJE6043  thru  MJE6045  NPN 


■ 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  l(;  -  Vcg  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|<)  =  150°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  <  150°C.  Tj(p|<)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by    second  breakdown. 


VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTSI 
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2N6040  thru  2N6042  PNP 
2N6043  thru  2N6045  NPN 
MJE6040  thru  MJE6042  PNP 
MJE6043  thru  MJE6045  NPN 


PNP 

2N6040.  2N6041 .  2N  6042 
MJE6040.  MJE6041.  MJE6042 


FIGURE  8  -  DC  CURRENT  GAIN 


NPN 

2N6043.  2N6044,  2NG04S 
MJE6043.  MJE6044.  MJE6045 
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® 


2N6049 


MEDIUM-POWER  PNP  SILICON  TRANSISTOR 

.  designed  for  general-purpose  switching  and  amplifier  applications 


•  Excellent  Safe  Operating  Area 

•  DC  Current  Gain  Specified  to  4.0 

•  Complement  to  NPN  Type  2N3054A 


4  AMPERE 

POWER  TRANSISTOR 
PNP  SILICON 

55  VOLTS 
75  WATTS 


•MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

55 

Vdc 

Collector-Emitter  Voltage 
(RBE  =  100  n) 

VCER 

60 

Vdc 

Collector-Base  Voltage 

VCB 

90 

Vdc 

Emitter-Base  Voltage 

VEB 

7.0 

Vdc 

Collector  Current  -  Continuous 
Peak 

>C 

4.0 
10 

Base  Current 

lB 

2.0 

Adc 

Total  Device  Dissipation  @  Trj  =  25°C 
Derate  above  25° 

75 
0.43 

Watts 
W/°C 

Operating  and  Storage  Junction, 
Temperature  Range 

Tj.  TStg 

-65  to  +200 

°C 

•Indicates  JE  DEC  Registered  Data 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

"JC 

2.33 

°c/w 

FIGURE  1  -  POWER-TEMPERATURE  DERATING 

80 

_  70 

|  60 

§  50 

i- 

< 

%  40 

°  30 
3 

S  20 
p 

Q- 

10 
n 

0 

0  2 

0       60      80      100      120     140      160     180  2t 
To.  CASE  TEMPERATURE  1°C) 

DIM 

MILLIMETERS 

INCHES 

Ml  111 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

c 

6.36 

8.64 

0.250 

0.340 

D 

0.71 

0  86 

0  028 

0  034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190  10.210 

H 

2.41 

2.67   1  0.095  10.105 

J 

14.48 

14.99   1  0.570  10  590 

K 

9.14 

0.360 

P 

1.27 

0.050 

a 

3.61 

3.86 

0.142 

0.152 

s 

8  89 

11.350 

T 

3.68 

0.145 

U 

15.75 

0  620 

AI1JE0EC  Dimensions  and  and  Notes  Apply. 
CASE  8042 
TO-66 
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2N6049 


♦ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted! 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 
(lr  =  100  mAdc,  Ir  =  01 

VcEO(sus) 

Vdc 

Collector-Emitter  Sustaining  Voltage  (1) 
(lr  =  100  mAdc.  Roc.  ■  100  12) 

VcERIsus) 

60 

Vdc 

Collector  Cuttoff  Current 
(VrE  -  30  Vdc,  Ir  -  0) 

'CEO 

500 

uAdc 

Collector  Cutoff  Current 

(VCE  -  90  Vdc,  VBE(otf)  =  1.5  Vdc) 
(VCE  =  90  Vdc.  VBE(off|  =  1.5  Vdc. 
TC  =  150°C) 

'CEX 

1.0 
6.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  7.0  Vdc,  lc  =  0) 

'EBO 

_ 

1.0 

mAdc 

ON  CHARACTERISTICS  111 

DC  Current  Gain 

(In  =  500  mAdc,  VrE  =  4.0  Vdc) 
(lc  =3.0  Adc,  Vce  f  4.0  Vdc) 

hFE 

25 
6.0 

100 

Collector-Emitter  Saturation  Voltage 
dc  -  500  mAdc,  lB  =  50  mAdc) 
(IC  -  4.0  Adc,  lB  -  800  mAdc) 

vCE  isa.) 

0.5 

2.0 

Vdc 

Base-Emitter  On  Voltage 

(lC  -  500  mAdc,  VCE  -  4.0  Vdc) 

VBE(on) 

1.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 
llc  =  200  mAdc,  VCE  =  10  Vdc) 

3.0 

MHz 

Output  Capacitance 

IVCB  =  10  Vdc,  lE  =  0.  f  =  0.1  MHz) 

cob 

pF 

200 

Small-Signal  Current  Gain 

llc  -  100  mAdc,  VCE  =  4.0  Vdc,  f-I.Okl 

Hz) 

hfe 

25 

180 

■  Indicates  JEDEC  Registered  Data 

II)  Pulse  test:  Pulse  Width «300  us.  Duty  Cycle  £2.0% 


FIGURE  2  -  SWITCHING  TIME  EQUIVALENT  TEST  CIRCUIT  FIGURE  3  -  TURN-ON  TIME 
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2N6049 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


10 
7  0 
5  0 

3  0 
2.0 

1  0 
0  ? 
0  5 

0.3 
0.2 


-Tj=  200°C 


 SECOND  BREAKDOWN  LIMITED 

 BONDING  Wl RE  LIMITED 

=  THERMAL  LIMITATION  @  Tr;  =  25°C 


Curves  Apply  Below  Rated  Vceo 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  —  ^CE  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  cu  rves  indicate. 

The  data  of  Figure  5  is  based  on  Tj{p|<)  =  200°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  <  20O°C.  Tj(pk|  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by    second  breakdown. 


30     40    50  6( 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCE 
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2N6050  thru  2N6052  PNP 
2N6057  thru  2N6059NPN 


® 


DARLINGTON  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  general-purpose  amplifier ; 
switching  applications. 

•  High  DC  Current  Gain  - 

hp£  =  3500  (Typ)  @  lc  =  5.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  -  <9>  100  mA 

VcEO(sus)  "  60  Vdc  (Min)  -  2N6050,  2N6057 
80  Vdc  (Min)  -  2N6051,  2N6058 
100  Vdc  (Min)  -  2N6052,  2N6059 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistors 


DARLINGTON 
12  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 
60-80-100  VOLTS 
150  WATTS 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Total  Device  Dissipation 
@TC  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


VcEO 


VCB 


VEB 


pd 


TJ.Tstg 


2N  6050 
2N  6057 


2N  6051 
2N6058 


2N6052 
2N6059 


100 


12 
20 


•  0.857  • 


-65  to  +200°C 


Watts 
W/°C 


°C 





1 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Rating 

Unit 

Thermal  Resistance,  Junction  to  Case 

R0JC 

1.17 

°C/W 

•Indicates  JED  EC  Registered  Data 


160 

140 

ii  120 
5 

§  100 
i- 

2  80 

CO 
CO 

°  60 

§  M 
o 

°"  20 
0 

FIGURE  1  -  POWER  DERATING 

0         25         50         75        100        125       150        175  200 
TC,  TEMPERATURE  CO 

STYLE  I 

PIN  I.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 
F 

1.40 

1.78 

0.055 

0.070 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0  675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

U 

2.54 

3.05 

0.100 

0.120 

CASE  1-04 


NOTES: 

I.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
REFERENCED  TO  3  OUTLINE  SHALL  APPLY. 
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2N6050  thru  2N6052  PNP/2N6057  thru  2N6059  NPN 


♦ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 
dC  =  lOOmAdc,  lB  -0) 

2N6050,  2N6057 
2N6051,  2N6058 
2N6052,  2N6059 

vCEO(sus) 

60 
80 
100 

Vdc 

Collector  Cutoff  Current 
(VCE  =  30Vdc,  lB=0) 
(VCE"40Vdc.  IB=0) 
(VCE-50Vdc.  1 B  =  0) 

2N6050.  2N6057 
2N6051,  2N6058 
2N6052.  2N  6059 

'CEO 

1.0 
1.0 
1.0 

mAdc 

Collector  Cutoff  Current 

(VC6  =  Rated  VCE0.  VBE(off>  t  1.5  Vdcl 
(VCE  =  Rated  VCE0.  VBE(off)  -  1.5  Vdc.  Tc  = 

^  ' 

'CEX 

0.5 
5.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0Vdc,  lc-0) 

'EBO 

2.0 

mAdc 

ON  CHARACTERISTICS  (1) 


DC  Current  Gain 

llc  =  6.0Adc.  VCE  =  3.0  Vdcl 
„c=12Adc.VCE  =  3.0Vdc, 

hFE 

750 
100 

18.000 

Collector-Emitter  Saturation  Volatage 
(lc  =  6.0Adc.  IB  =  24  mAdc) 
IIC  =  12Adc.  IB  -  120  mAdc) 

— r.  

VcE(sat) 



: 

Vdc 

Base-Emitter  Saturation  Voltage 
llc  =  12  Adc.  IB  =  120  mAdc] 

vBE(satl 

4.0 

Vdc 

Base-Emitter  On  Voltage 

(lc  =  6.0  Adc.  VCE  =  3.0  Vdc) 

vBE(on) 

2.8 

Vdc 

DYNAMIC  CHARACTERISTICS 


Magnitude  of  Common  Emitter  Small-Signal  Short  Circuit  Forward 
Current  Transfer  Ratio 
Uc  =  5.0  Adc.  VCE  -  3.0  Vdc,  f  =  1.0  MHz) 

|h,e| 

4.0 

MHz 

Output  Capacitance  2N6050/2N6052 
(VCB  -  10  Vdc.  IE  =0,f  =  0.1  MHz)  2N6057/2N6059 

cob 

500 
300 

pF 

Small-Signal  Current  Gain 

dC  =  5.0  Adc,  VCE  =  3.0  Vdc,  f  =  1.0  kHz) 

hfe 

300 

•Indicates  JEOEC  Registered  Data 

HlPulse  test:   Pulse  Width  -  300  )js,  Duty  Cycle  r  2.0%. 


I 

■ 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 


Rq  *  He  VARIED  TD  OBTAIN  DESIRED  CURRENT  LEVELS 
D|.  MUST  BE  FAST  RECOVERY  TYPES,  e.g., 

MBDS300  USED  ABOVE  |B  ,  100  mA 

MSD6I00  USED  BELOW  IB-  100  mA 

V! 


For  trj  and  i(.  01  is ducannected 
and  V2  =  0 


For  NPN  test  circuit  reverse  diode  and  voltage  polarities. 


FIGURE  3  -  SWITCHING  TIMES 


1.0  3.0  5.0 

IC,  COLLECTOR  CURRENT  (AMP, 
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2N6050  thru  2N6052  PNP/2N6057  thru  2N6059  NPN 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  -  2N6050.  2N6057 


2.0    3.0  5.0 
I.  TIME(ms) 

ACTIVE-REGION  SAFE  OPERATING  AREA 
FIGURE  6  -  2N6051.  2N6058 


200    300     500  1000 
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FIGURE  7  -  2N6052,  2N6059 

50  r 


)  20 
VCE,  COLLECTOR 


10  20  "  30        50    70  100 

VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


junction  temperature  i 


Safe  operating 


There  are  two  limitations  on  the  power  handling  ability  of  a  transistor:  I 
area  curves  indicate  Irj  —  VrjE  limits  of  the  transistor  that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  5,  6  and  7  is  based  on  Tj(p|<)  =  20O°C;  Tq  is  variable  depending  on  conditions.  Second  breakdown  pulse  limits  are 
valid  for  duty  cycles  to  10%  provided  Tj(p|<)  ^  20CFC  Tj(p|<)  may  be  calculated  from  the  data  in  Figure  4.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  8  -  SMALL-SIGNAL  CURRENT  GAIN 


FIGURE  9  -  CAPACITANCE 
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2N6050  thru  2N6052  PNP/2N6057  thru  2N6059  NPN 
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2N6053,  2N6054, 2N6298,  2N6299  PNP 

2N6055, 2N6056, 2N6300,  2N6301  NPN  /r>N 

(M)  MOTOROLA 


DARLINGTON  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  general-purpose  amplifier  and  low  frequency  switching 
applications. 

•  High  DC  Current  Gain  - 

hFE  =  3000  (Typ)  @  lc  =  4.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  —  @  100  mA 

VCEO(sus)  "  60  Vdc  (Min)  -  2N6053.  2N6055,  2N6298.  2N6300 
=  80  Vdc  (Min)  -  2N6054,  2N6056,  2N6299,  2N6301 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  '  2.0  Vdc  (Max)  @  lC  =  4.0  Adc 
=  3.0  Vdc  (Max)  @  lc  =  8.0  Adc 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistors 


•MAXIMUM  RATINGS 


FIGURE  1  -  POWER  DERATING 


75  100 
Tc.  TEMPERATURE  (°C) 


Rating 

Symbol 

2N6053 
2N6055 
2N6298 
2N6300 

2N6054 
2N6056 
2N6299 
2N6301 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  —  Continuous 
Peak 

i'c 

8.0 
16 

Adc 

Base  Current 

'B 

120 

mAdc 

2N6053 
2N6054 
2N605S 
2N6056 

2N6298 
2N6299 
2N6300 
2N6301 

Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

PD 

100 

0.571 

75 
0.428 

Watts 
W/°C 

Operating  and  Storage  Junction  Temperature 
Range 

TjJstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

2IM6053 
2M6054 
2N6055 
2N6056 

2N6298 
2N6299 
2N6300 
2N6301 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rojc 

1.75 

2.33 

°C/W 

'Indicates  JEOEC  Registered  Data. 

2N6053 
2N60S4 
2N6055 


DARLINGTON 
8  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 
60-80  VOLTS 

75-10°WATTS 
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SEATING  PLANE 


1»  '* 


CASE  COLLECTOR 
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2N6053,  2N6054,  2N6298,  2N6299  PNP, 
2N6055,  2N6056,  2N6300,  2N6301  NPN 


•ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit  | 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 

(lc  =  100  mAdc.  IB  =  0)                        2N6053,  2N6055.  2N  6298.  2N6300 

2N6054,  2N6056,  2N6299,  2N6301 

vCEO(sus) 

60 
80 

Vdc 

Collector  Cutoff  Current 

(VCE  -  30  Vdc.  IB  =  01                         2N6053.  2N6055,  2N6298.  2N6300 
(VCE  =  40  Vdc.  IB  •  0)                         2N6054.  2N6056,  2N6299.  2N6301 

'CEO 

0.5 
0.5 

mAdc 

Collector  Cutoff  Current 

(VCE  »  Rated  VCB.  VBE(offl  =  1.5  Vdd 

IVCE  =  Rated  VCB,  VBE(off|  =  1.5  Vdc.  Tc  =  150°C) 

'CEX 

0.5 
5.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  ..5.0Vdc.,C  0. 

'EBO 

2.0 

mAdc 

ON  CHARACTERISTICS  (11 



DC  Current  Gain 

(lc  =  4.0  Adc,  VCE  -  3.0  Vdcl 
(lc  =  8.0  Adc,  VCE  =  3.0  Vdcl 

nFE 

750 
100 

18000 

Collector-Emitter  Saturation  Voltage 
(lc  =  4.0  Adc,  lB  =  16  mAdc) 
(lc  =8.0  Adc,  lB  •  80  mAdcl 

vCE(sat) 

2.0 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  8.0  Adc.  IB  =  80  mAdc) 

VBE(sat) 

4.0 

Vdc 

Base-Emitter  On  Voltage 

(lC  =  4.0  Adc,  VCE  =  3.0  Vdc) 

vBE(on) 

2.8 

Vdc 

DYNAMIC  CHARACTERISTICS 

Magnitude  of  Common  Emitter  Small-Signal  Short  Circuit  Current  Transfer  Ratio 
(lc  =  3.0  Adc,  VCE  =  3.0  Vdc.  f  =  1.0  MHz) 

|hfe| 

4.0 

_ 

Output  Capacitance 

(VCB  =  10  Vdc.  le  =0.f  =  0.1  MHz)         2N6053,  2N6054,  2N6298.  2N6299 

2N6055,  2N6056,  2N6300,  2N6301 

Cob 

300 
200 

pF 

Small-Signal  Current  Gain 

( lc  =  3.0  Adc,  VCE  =  3.0  Vdc,  f  =  1 .0  kHz) 

hfe 

300 

•indicates  JEDEC  Registered  Data. 


(1)  Pulse  Test:  Pulse  Width  =  300  Ms,  Duty  Cycle  -  2.0  %. 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT  FIGURE  3  -  SWITCHING  TIMES 


For  NPN  test  circuit  reverse  diode,  polarities  and  input  pulses. 

Ir,  COLLECTOR  CURRENT  (AMP) 
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2N6053,  2N6054,  2N6298,  2N6299  PNP, 
2N6055,  2N6056,  2IM6300,  2N6301  NPN 


FIGURE  4  -  THERMAL  RESPONSE 


I.0  2.0     3.0       5.0   7.0    10  20  30 

VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  Vce  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  5  and  6  is  based  on  TJ(Dk|  •  2O0°C.  Tc  is 

FIGURE  7  -  SMALL-SIGNAL  CURRENT  GAIN 


1.0  2.0     3.0       5.0    7.0    10  20      30        50    70  100 

VCE.  COL  LECTOR  EMITTER  VOLTAGE  IV0LTS) 

variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(pk)  S  200°C.  TJ(pk) 
may  be  calculated  from  the  data  in  Figure  4.  At  high  case  tempera- 
tures,  thermal  limitations  will  reduce  the  power  that  can  be  handled 
to  values  less  than  the  limitations  imposed  by  second  breakdown. 

FIGURE  8  -  CAPACITANCE 
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2N6053,  2N6054,  2N6298,  2N6299  PNP, 
2N6055,  2N6056,  2N6300,  2N6301  NPN 


PNP 


2N6063,  2N6054.  2N6298.  2N6299 

FIGURE  9  —  DC  CURRENT  GAIN 
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FIGURE  10  -  COLLECTOR  SATURATION  REGION 
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FIGURE  1 1  -  "ON"  VOLTAGES 
3.0 
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2N6077 
2N6078 


® 


MOTOROLA 


HIGH  VOLTAGE  NPN  SILICON  TRANSISTORS 


...  the  2N6077 
voltage,  high-speed 
for  operating  directly  off  the 
circuits  such  as: 

•  Switching  Regulators 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Inverters 


rs  are  designed  for  high- 
They  are  characterized 
ed  110  Volt  power  lines  in 




•MAXIMUM  RATINGS 

Rating 

Symbol 

2N6077 

2N6078 

Unit 

Collector-Emitter  Voltage 

VCEX 

300 

275 

Vdc 

Collector-Base  Voltage 

VCBO 

300 

275 

Vdc 

Emitter-Base  Voltage 

'  \  

Vdc 

Collector  Current  -  Continuous 
-  Peak 

ICM 

10 

Adc 

Base  Current  -  Continuous 

'B 

4 

Adc 

Total  Power  Dissipation 
®  TC  =  25°C 
Derate  above  25°C 

?D 

45 
0.257 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ, Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rejc 

3.9 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

Tl 

'  ' 

275 



°c 

Indicates  JEDEC  Registered  Data 


7  AMPERES 

NPN  SILICON 
POWER  TRANSISTORS 

275-300  VOLTS 
45  WATTS 


STYLE  1 : 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

II  94 

12.70 

0.470 

0.500 

C 

6  35 

8.64 

0.250 

0  340 

D 

071 

0.86 

0  028 

0034 

E 

1.27 

1.91 

0.050 

0  075 

F 

24.33 

24.43 

0  958 

0  962 

G 

4.83 

5.33 

0  190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9  14 

0.360 

P 

1.27 

0  050 

a 

3.61    1  3.86 

0.142 

0.152 

s 

8.89 

0  350 

T 

3  68 

0  145 

u 

15.75 

0  620 

AM  JEDEC  Dimensions  and  and  Notes  Apply. 

CASE  80  02 
TO  66 
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2N6077,  2N6078 


•ELECTRICAL  CHARACTERISTICS  ITC  «  25°C  unless  otherwise  noted.) 


Characteristic 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  1) 
(lc=  200  mA,  lB  =  0) 

2N6077 
2N6078 

VcEO(sus) 

275 
250 

Vdc 

Emitter  Cutoff  Current 
IVBE  =  6  Vdc.  IC  "  0) 

'EBO 

1.0 

mAdc 

Collector  Cutoff  Current 

IVcEV  "  250  Vdc.  VBE(off)  =  1 .5  Vdc) 

(VCEV  -  250  Vdc,  VBE(offl  =  1 .5  Vdc,  Tc  =  125 

2N6077 
2N6078 
°C)  2N6077 
2N6078 

'CEV 

5.0 
0.05 
8.0 
0.2 

mAdc 

Collector  Cutoff  Current 

(VCE  >  250  Vdc,  VBE(off|  -  1 .5  Vdc) 

2N6077 

!CE0 

2.0 

mA 

ON  CHARACTERISTICS 


DC  Current  Gain 

lip'  1.2  Adc,  Vce  ' 


1  Vdc) 


nFE 


Collector-Emitter  Saturation  Voltage 
dC"  12  Adc,  lB  =  0.2  Add 

(lc-3Adc,  lB  =  0.6Adc) 
(lC=5Adc.  IB»1  Adc) 


2N6077 
2N6078 
2N6077 
2N6078 


vCEIsat) 


1.0 
3.0 


Base-Emitter  Saturation  Voltage 
(lc  =■  1.2  Adc,  lB  »  0.2  Adc) 

llc  =  3  Adc,  lB  =  0.6  Add 
(lc  =  5  Adc,  lB  =  1  Adc) 


2N6077 
2N6078 
2N6077 
2N6078 


vBEIsat) 


1.9 
2.0 


DYNAMIC  CHARACTERISTICS 


Current-Gain  —  Bandwidth  Product 

(lc  -  200  mAdc,  VCE  =  10  Vdc,  ftest  =  1.0  MHz) 

ihfel 

1.0 

MHz 

SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1) 

Rise  Time 

(Vcc  =  250Vdc,  lc-1.2A 
lB1  =  lB2  =  200  mAdc  =  10C 
Duty  Cycle  <i  2.0%) 

*• 
MS, 

•r 

0.75 

MS 

Storage  Time 

5.0 

MS 

Fall  Time 

'f 

0.75 

MS 

*  Indicates  JEDEC  Registered  Data 


FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  Operating  area  curves  indicate  lc"vCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figures  12  and  13  is  based  on  Tc  =  25°C;  Tj(( 
is  variable  depending  on  power  level.  " 
limits  are  valid  for  duty  cycles  to  10%  b 
temperature  according  to  Figure  1. 
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PNP  NPN 

2N6107  2N6288 
2N6109  2N6290 
2N6111  2N6292 


® 


COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTORS 

.  .  .  designed  for  use  in  general-purpose  amplifier  and  switching 
applications. 

•  DC  Current  Gain  Specified  to  7.0  Amperes 

hFE  =  30-150@  lc  =  3.0  Adc-2N6111,2N6288 
=  2.3  (Min)  @  lr  =  7.0  Adc  -  All  Devices 

•  Collector-Emitter  Sustaining  Voltage  — 

vCEO(sus)  =30  Vdc  (Min)  -2N6111,  2N6288 
=  50  Vdc  (Min)  -  2N6109,  2N6290 
=  70  Vdc  (Min)  -  2N6107,  2N6292 

•  High  Current  Gain  -  Bandwidth  Product 

f  T  =  4.0  MHz  (Min)  <a  lc  =  500  mAdc  -  2N6288.  90,  92 
=  10  MHz  (Min)  @  lc  ^  500  mAdc  -  2N6107,  09,  1 1 

•  TO-220AB  Compact  Package 


•  TO-66  Leadform  Also  Available 



7  AMPERE 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 


30  —  50  —  70  VOLTS 
40  WATTS 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 


Base  Current 


Total  Power  Dissipation 
<s>  TC  -  25°C 
Derate  above  26°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


VCEO 


VCB 


VEB 


TJ.  Tstg 


2N6111 
2N6288 


2N6109 
2N6290 


2N6107 
2N6292 


-7.0  - 
-10- 


-3.0  - 


-40- 
-0.32- 


Watts 
W/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«JC 

3.125 

°C/W 

"Indicates  JEDEC  Registered  Data 

40 

FIGURE  1  -  POWER  DERATING 
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TC.  CASE  TEMPERATURE  ("CI 

-I 


STYLE  I: 
PIN  I. 
2. 

3. 
4. 


j  M 


BASE 

COLLECTOR 

EMITTER 

COLLECTOR 


J   — G 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

15  75 

0  575 

0  620 

B 

9  66 

10  29 

0  380 

0  405 

C 

4  06 

4  82 

0  160 

0  190 

D 

0  64 

0  89 

0025 

0  035 

F 

3  61 

3  73 

0  142 

0  147 

G 

2  41 

2  67 

0.095 

0  105 

H 

2  79 

393 

0.110 

0  155 

J 

036 

0  56 

0014 

0  022 

1 

12  70 

1427 

0  500 

0  562 

L 

1  14 

1  39 

0  045 

G  055 

11 

4  83 

5  33 

0  190 

0  210 

a 

2  54 

304 

0100 

0  120 

R 

204 

2  79 

0  080 

o  no 

s 

1  14 

1  39 

0  045 

0  055 

T 

6  97 

648 

0  235 

0  255 

u 

0  00 

1  27 

0  000 

0.050 

V 

1  14 

0  045 

0080 
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2N6107,2N6109,  2N61 


•ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C 

rhtie    




OFF -CHARACTER  1ST  ICS 


Symbol 


Collector-Emitter  Sustaining  Voltage  <1 ) 
(lc  -  lOOmAdc.  le  -01 




VCEO(sus) 


30 
50 
70 


Cutoff  Currant 
(VCE-20Vdc.  lB-0) 
(VCE  -  40  Vdc.  IB  -  0) 
(VCE-60Vdc.  lB-0) 


2N6111.2N6288 
2N6109.2N6290 
2N6107,  2N6292 


'CEO 


1.0 
1.0 
1.0 


uAdc 


Collector  Cutoff  Current 

(VCE  -  40  Vdc.  VEB(o,f)  =  1 .5  Vdcl 
(VCE  -  60  Vdc.  VEBIolf)  -  1 .5  Vdc) 
(VCE  -  80  Vdc.  VEB(off )  -  1  5  Vdcl 
(VCE  -  30  Vdc.  VEB(off )  -  1 .5  Vdc,  Tc  ■ 
(VCE  -  50  Vdc,  VEB(off)  -  1 .5  Vdc,  Tc  ■ 
(VCE  -  70  Vdc,  VEB  (off)  ■  1 .5  Vdc,  TC  ■ 


2N6111,  2N6288 
2N6109.  2N6290 
2N6107,  2N6292 
150°CI2N6111,2N6288 
150°CI2N6109.2N6290 
150°C)2N6107,2N6292 


)CEX 


.1OI03R  9VIT:  ».  -  c  a*1 


100 
100 
100 

2.0 
2.0 
2.0 


Emitter  Cutoff  Current 
IVBE  -  5.0  \ 


lEBO 


1.0 


ON 


<TT 





DC  Current  Gain 

(IC  =  2.0  Adc,  VcE  =  4.0  Vdcl 
dC  ■  2.5  Adc,  VCE  -  4.0  Vdc) 
(lc  ■  3.0  Adc.  VCE  -  4.0  Vdc) 
(lc=7.0Adc,  VCE-4.0Vdc) 


2N6107,  2N6292 
2N6109,  2N6290 
2N6111.2N6288 
All  Devices 


30 
30 
30 
2.3 


150 
150 
150 


Collector-Emitter  Saturation  Voltage 
IIC -7.0  Adc,  lB- 3.0  Adc) 





VcElsat) 


Base-Emitter  On  Voltage 

lip  =  7.0  Adc,  Vqe  *  4  0  Vdc> 


DYNAMIC  CHARACTERISTICS 


Current  Gain  -  Bandwidth  Product  (2) 

(IC  -  SOOmAdc.  Vce  =  4.0  Vdc,  ftest  =  1.0  MHz) 
2N6288.90. 92 
2N6107.09.  11 

<T 

4.0 
10 

MHz 

Output  Capacitance 

(VCB  -  10  Vdc,  le  -O.f  -  1.0  MHz) 

Cob 

250 

pF 

Small-Signal  Current  Gain 

(lc  ■  0.5  Adc,  VCE  -  4.0  Vdc,  f  -  50  kHz) 

hfe 

1  . 

20 

■Indicates  JEDEC  Registered  Data. 
(DPulseTest:  Pulse  Width  <  300      Duty  Cycle  <  2.0%. 
<2)f  x  -  I  hfe  I  .  ftest 


FIGURE  2 


SWITCHING  TIME  TEST  CIRCUIT 


FIGURE  3  -  TURN-ON  TIME 


25  is 


♦HVr 
0- J 


lr.  l(<.IOns 
DUTY  CYCLE  =  1.0% 


RB  anil  Rc  VARIEO  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
Di  MUST  BE  FAST  RECOVERY  TYPE,  eg 
MBD53O0  USED  ABOVE  Ib  -100  mA 
MSD6100  USED  BELOW  lB  »100mA 
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2N6107,  2N6109,  2N6111  PNP,  2N6288,  2N6290,  2N6292  NPN 


FIGURE  4  -  THERMAL  RESPONSE 
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® 


MOTOROLA 


NPN  PNP 

2N6121  2N6124 

2N6122  2N6125 

2N6123  2N6126 


COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTORS 

.  .  .  designed  for  use  in  power  amplifier  and  switching  circuits,  — 
packaged  in  the  compact  TO-220AB  outline.  TO-66  leadform  also 
available. 


•MAXIMUM  RATINGS 


Rating 

Symbol 

2N6121 
2N6124 

2N6122 
2N6125 

2N6123 
2N6126 

Unit 

Collector-Emitter  Voltage 

vCEO 

45 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

45 

60 

80 

Vdc 

Emitter -Base  Voltage 

VEB 

-m  50  »» 

Vdc 

Collector  Current 

'c 

 4  0  ■  m- 

Adc 

Base  Current 

<B 

^                 _  10  U 

Adc 

Total  Power  Diss.pation  @  Tc  ^  25°C 
Derate  above  25°C 

PD 

L  40 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

°C 

4  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

45-80  VOLTS 
40  WATTS 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Ma* 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rfljc 

3.12 

°CW 

Characteristic 


OFF  CHARACTERISTICS 





Collector-Emitter 
(IC-  0.1  Adc.  IB  - 


ill 


2N6121, 
2N6122. 
2N6123, 


2N6124 
2N6125 
2N6126 


Collector  Cutoff  Current 
(VCE  -  45  Vdc, 
(VCE-60Vdc.  lB-0 
(VCE  =  80  Vdc 


01 


01 


2N6121, 
2N6122. 
2N6123, 


2N6124 
2N6125 
2N6126 


Collector  Cutoff  Current 

(VCE  -  45  Vdc.  VEB|„m  -  1.5  Vdel 
IVCE  •  60  Vdc.  VEB|off,  -  1.5  Vdcl 
IVCE  -  80  Vdc.  VEBIo„,  -  1.5  Vdcl 
IVCE  -  45  Vdc.  VEB(of„  -  1.5  Vdc. 

TC  ■  125°CI 
IVCE  -  60  Vdc.  VEB|o(f|  •  1.5  Vdc. 

TC  - 125°C> 
1VCE  -  80  Vdc.  VEB|olfl  -  1.5  Vdc. 

Tc  =  125°C) 


2N6121, 
2N6122. 
2N6123. 
2N6121, 


2N6124 
2N6125 
2N6126 
2N6124 


2N6122.  2N6125 


2N6123.  2N6126 


Collector  Cutoff  Current 

IVCB- 45  Vdc.  IE  -  01  2N6121,  2N6124 

IVCB  -  60  Vdc.  IE  -  01  2N6122.  2N6125 

IVCB  -  80  Vdc.  IE  -  01  2N6123.  2N6126 


Emitter  Cutoff  Current 
IVBE  -  5.0  Vdc.  IC  ■  01 


ON  CHARACTERISTICS 


vCEO(susl 


d'PulseTest:  Pulse  Width  <300  (is.  Duty  Cycle  <2.0 
•Indicates  JEDEC  Re9l«ered  Data. 


DC  Current  Gain  (1) 

<IC  =  1.5  Adc.  VCE  =  2.0  Vdc)               2N6126,  2N6124 
2N6122,  2N6125 
2N6123.  2N6126 

<IC  =  4.0  Adc,  VCE  =  2.0  Vdc)               2N6121,  2N6124 
2IM6122.2N6125 
2N6123,  2N6126 

nFE 

25 
25 
20 
10 
10 
7.0 

100 
100 
80 

Collector-Emitter  Saturation  Voltage  (1) 
Hc  =  1.5  Adc,  lB  =  0.15  Adc) 
(IC  =  4.0  Adc,  lB  =  1.0  Adc) 

vCEIsat) 

0.6 
1.4 

Vdc 

Base-Emitter  On  Voltage  (1) 

<IC  =  1.5  Adc,  VCE  =  2.0  Vdc) 

VBE(on) 

1.2 

Vdc 

Small-SignBl  Current  Gain 

(IC  =  0.1  Adc,  VCE  =  2.0  Vdc,  f  =  1 .0  kHz) 

25 

Current-Gain-Bandwidth  Product 

<lc  =  1.0  Adc,  VCE  =  4.0  Vdc,  f  -  1.0  MHz) 

fT 

2.5 

MHz 

STYLE  1: 

PIN  I.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


DIM 

MILLIMETERS 

IHCHES 

MID 

MAX 

Mia 

MAX 

* 

14  60 

1 5  75 

0.575 

0  620 

I 

9  65 

10.29 

0  380 

0  405 

C 

406 

482 

0  160 

0  190 

0 

064 

089 

0  025 

0  035 

F 

361 

3  73 

0  142 

0  147 

G 

241 

2  67 

0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  155 

J 

036 

056 

0014 

0.022 

K 

12  70 

14  27 

0  500 

0  562 

L 

1.14 

1.39 

0045 

0  055 

■ 

483 

5.33 

0  190 

0  210 

Q 

2  54 

304 

0  100 

0  120 

R 

204 

2  79 

0  080    0  110 

S 

1  14 

1  39 

0  045 

0  055 

T 

597 

648 

0  235 

0  255 

U 

0  00 

1  27 

0  000 

0  050 

V 

1.14 

0045 

z 

2.03 

0080 

CASE  221A-02 
TO-220AB 


3-185 


2N6121,  2N6122,  2N6123,  NPN, 
2N6124,  2N6125,  2N6126,  PIMP 


3-186 


2N6121,  2N6122,  2N6123,  NPN, 
2N6124,  2N6125,  2N6126,  PNP 


FIGURE  S  -  COLLECTOR  CUT-OFF  REGION 
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FIGURE  6  -  EFFECTS  OF  BASE-EMITTER  RESISTANCE 

10' 
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VBE,  BASE-EMITTER  VOLTAGE  (VOLTS) 


Tj.  JUNCTION  TEMPERATURE  PC) 


FIGURE  7  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT 

VccO  VW- 


FIGURE  8  -  CAPACITANCE 
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Rg  AND  Rc  VARIED  TD  08TAIN  DESIRED  CDRRENT  LEVELS 

Reverse  all  polarities  and  diode 
for  PNP  transistors. 

FIGURE  9  -  TURN-ON  TIME 
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FIGURE  10  -  TURN-OFF  TIME 
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2N6121,  2N6122,  2N6123,  NPN, 
2N6124,  2N6125,  2N6126,  PNP 


RATING  AND  THERMAL  DATA 


FIGURE  11  —  ACTIVE  REGION  S 


"ING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  peak  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Ic^CE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 1  is  based  on  Tj(pK)  =  1 50°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  <  150°C.  T j(pk)  may  be 
calculated  from  the  data  in  Figure  12.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTSI 


ZoJCIll  ■  ml  Rojc 

RojC-3.12"C/WMax 

0  CURVES  APPLY  FOR  POWER 
PULSE  TRAIN  SHOWN 
READ  TIME  AT  I, 

Tjlpkl  -  TC  ■  P(pk)  ZoJCtll 


l.O  2.0  50 

t.TIHEImsl 


DESIGN  NOTE:  USE  OF  TRANSIENT  THERMAL  RESISTANCE  DATA 


DUTY  CYCLE  D-IH"|J 
PEAK  PULSE  POWER  ■  Pp 


A  train  of  periodical  power  pulses  can  be  represented  by  the  model 
shown  in  Figure  A.  Using  the  model  and  the  device  thermal  re- 
sponse, the  normalized  effective  transient  thermal  resistance  of 
Figure  12  was  calculated  for  various  duty  cycles. 

To  find  tfjclt),  multiply  the  value  obtained  from  Figure  12  by 
the  steady  state  value  0jc. 

Example: 

The  2N6121  is  dissipating  50  watts  under  the  following  condi- 
tions: t,  ■  0.1  ms,  tp  =  0.5  ms.  ID  -  0.21. 

Using  Figure  12,  at  a  pulse  width  of  0.1  ms  and  D  =  0.2,  the 
reading  of  r(tlt  D)  is  0.27. 

The  peak  rise  in  junction  temperature  is  therefore: 

aT  =  rttl  X  Pp  X  Sjc  =  0.27  X  50  X  3.12  -  42.2°C 
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® 


2N6186 

thru 

2N6189 


MEDIUM-POWER  PNP  SILICON  TRANSISTORS 

. .  designed  for  switching  and  wide-band  amplifier  applications. 

>  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  =  l.2Vdc<Max)@lC=10Adc 

>  DC  Current  Gain  Specified  to  5  Amperes 

>  Excellent  Safe  Operating  Area 

*  Packaged  in  the  Compact,  High  Dissipation  TO-59  Case 

>  Isolated  Collector  Configuration 

>  Complement  to  NPN  2N5346  thru  2N5349 


10  AMPERE 


POWER  TRANSISTORS 
PNP  SILICON 


80-100  VOLTS 
60  WATTS 


•MAXIMUM  RATINGS 

Rating 

Symbol 

2N6186 
2N6187 

2N6188 
2N6189 

Unit 

Collector-Emitter  Voltage 

VCEO 

80 

100 

Vdc 

Collector-Base  Voltage 

VCB 

80 

100 

Vdc 

Emitter-Base  Voltage 

veb 

6.0 

Vdc 

Collector  Current  -  Continuous 

ic 

10 

Adc 

Base  Current 

IB 

2.0 

Adc 

Total  Device  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

PD 

60 
343 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

«JC 

2.91 

°C/W 

Indicate*  JEDEC  Registered  Data. 

FIGURE  1  -  POWER-TEMPERATURE  DERATING  CURVE 
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S 

~  40 


0        20        40        60        80        100       120       140  1! 

0        180  2 

Tc,  CASE  TEMPERATURE  ("CI 


Fr- 


STYLE  I: 

PIN  1,  EMITTER 

2.  BASE 

3.  COLLECTOR 


10-32  UNF-2A  - 
COATED 


P        J  SEATING 
I  PLANE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

10.77 

11.10 

0424 

0.437 

C 

8.13 

11.89 

0.320 

0.468 

E 

.  2.29 

3.81 

0.090 

0.150 

G 

4.70 

5.46 

0.185 

0.215 

H 

1.98 

0.078 

J 

10.16 

11.56 

0.400 

0.455 

K 

14.48 

19.38 

0.570 

0.763 

L 

2.29 

2.79 

0.090 

0.110 

N 

6.35 

0.250 

P 

4.14 

4.80 

0.163 

0.1 89 

a 

1.02 

1.65 

0.040 

0  065 

R 

8.08 

9.65 

0.318 

0.380 

s 

4.212 

4.310 

0.1668 

0.1697 

T 

9.65 

11.10 

0.380 

0.437 

All  JEDEC  dimensions  and  notes  a 
Collector  isolated  from  case. 


TO-69 


3-189 


2N6 186  thru  2N6189 


•ELECTRICAL  CHARACTERISTICS  ITC  =  2S°C,  unless  otherwise  noted) 


Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 

(lc-50mAdc,  lB-OI                                        2N6186.  87 

vCEO(sus) 

80 

Vdc 

100 

Collector  Cutoff  Current 

(VCE  =  75Vdc,  lB-OI  2N6186.87 
IVCE»90Vdc,  lB  =  OI  2N6188.89 

'CEO 

100 

100 

uAdc 

Collector  Cutoff  Current 

I VCE  -  75  Vdc.  VEB|off )  -  1 .5  Vdcl 
(VCE  -  90  Vdc,  VEB|0ff)  '  1.5  Vdcl 
(VCE  =  75  Vdc.  VEB|off)  =  1.5  Vdc. 

Tc=  1S0°CI 
(VCE-90Vdc,  VBE(off|=  1.5  Vdc, 

TC  =  150°CI 

2N6186.87 
2N6188, 89 

2N6186.87 

2N6188.89 

!CEX 

10 
10 

1.0 

1.0 

uAdc 
mAdc 

Collector  Cutoff  Current 

IVCB  =  Rated  VCB  lE  =  01 

'CBO 

10 

MAdc 

Emitter  Cutoff  Current 
(VBE  -  6.0  Vdc.  IC  =  0) 

lEBO 

- 

100 

MAdc 

ON  CHARACTERISTICS  (11 


DC  Current  Gain 

<IC  -  0.5  Adc,  VCE  -  2.0  Vdcl 

llc  =  2.0Adc,VCE  =  2.0  Vdcl 

llc  =  5.0  Adc.  VCE  -  2  0  Vdcl 


2N6186.88 
2N6187,  89 
2N6186.  88 
2N6187.89 
2N6186.  88 
2N6187.89 


Collector-Emitter  Saturation  Voltage 
dC  "  2.0  Adc.  IB  =0.2  Adc) 
He  -  7.0  Adc.  IB  =  0.7  Adc) 


Base-Emitter  Saturation  Voltage 
llc  "  2.0  Adc.  IB  »0.2  Adc) 
(lc-  10  Adc,  lB  =  1.0  Adc) 
DYNAMIC  CHARACTERISTICS" 





"FE 


VcElsatl 


vBE(sat) 


30 
60 
30 
60 
20 
40 





120 
240 


0.7 
1.2 


2.0 





Vdc 


Current-Gain-Bandwidth  Product  (2) 

(lc  -  500  mAdc,  VCE  =  10  Vdc.  fTes,  -  10  MHzl 


Output  Capacitance 

IVCB  -  10  Vdc,  lE'Q,  f  =  100  kHz) 


Input  Capacitance 

IVBE  -  2.0  Vdc,  lc  °  0.  (  '  100  ><H'> 


Cob 


Cib 


SWITCHING  CHARACTERISTICS 


300 


pF 


Delay  Time 

IVCc  -  40  Vdc,  VEB(off|  ■  3.0  Vdc, 
dC  -  2.0  Adc,  lBi  -  200  mAdcl 

«d 

100 

ns 

R  ise  Time 

'r 

100 

ns 

Storage  Time 

(Vcc  -  40  Vdc,  lc  "  2.0  Adc, 
'B1  "  !b2  =  200  mAdc) 

's 

2.0 

MS 

Fall  Time 

a 

200 

ns 

•Indicates  JEDEC  Registered  Data. 

11 )  Pulse  Test:  Pulse  Width  »  300  Ms.  Duty  Cycle  *  2.0%. 
(21  fr-  lhiel-fTest 


CHING  TIME  TEST  CIRCUIT 


FIGURE  3  -  TURN-ON  TIME 


0.2     (1.3      0.5  1.0  2.0     3.0      5  0 

IC.  COLLECTOR  CURRENT  IAMPI 


3-190 


2N6186  thru  2N6189 


FIGURE  4  -  THERMAL  RESPONSE 


1.0         2.0    3.0  5.0 

t.  TIME  OR  PULSE  WIDTH  (msl 


ATING  AREA 


There  are  two  limitations  on  the  power  handling -ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  -  v*ce  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  200°C;  Tq  is 
variable  depending  on  conditions.  Second  breakdown  putse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tjjpk)  <2O0°C. 
Tj(pk)  may  be  calculated  from  the  data  in  Figure  4.  At  high 
temperatures,  thermal  limitations  will  reduce  the  power  that 
be  handled  to  values  less  than  the  limitations  imposed  by 


FIGURE  7  -  CAPACITANCE  versus  VOLTAGE 
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3-191 


2N6190 

thru 

2N6193 


® 


MOTOROLA 


MEDIUM-POWER  PNP  SILICON  TRANSISTORS 

.  .  .  designed  for  switching  and  wide  band  amplifier  applications. 

•  Low  Collector-Emitter  Saturation  Voltage  — 

VCE(sat)  =  12  vdc  (Max)  @  'C  "  5-0  AmP 

•  DC  Current  Gain  Specified  to  5  Amperes 

•  Excellent  Safe  Operating  Area 

•  Packaged  in  the  Compact  TO-39  Case  for  Critical  Space  Limited 

Applications 

•  Complement  to  NPN  2N5336  thru  2N5339 


5  AMPERE 

POWER  TRANSISTORS 

PNP  SILICON 

80-100  VOLTS 

'MAXIMUM  RATINGS 


Rating 

Symbol 

2N6190 
2N6191 

2N6192 
2N6193 

Unit 

Collector-Emitter  Voltage 
Collector-Base  Voltage 

VcEO 
VCB 

80 
80 

100 
100 

Vdc 
Vdc 

Emitter-Base  Voltage 

V£B 

6.0 

Vdc 

Collector  Current  —  Continuous 

"C 

5.0 

Adc 

Base  Current 

>B 

1.0 

Adc 

Total  Device  Dissipation  @T"c=  25°C 
Derate  above  25°C 

P0 

10 
57.1 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ'  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

»JC 

17.5 

°c/w 

Indicates  JE  DEC  Registerad  Data. 
 FIGURE  1  -  POWER  T 


t  8.0 


0  40  80  120 

TC.CASE  TEMPERATURE  (°C) 
Safe  Area  Curves  are  indicated  by  Figure  5.  All  limits  are  applicable  and  must  be  observed. 


MILLIMETERS 

INC 

HES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

889 

9.40 

0.350 

0.370 

B 

8  00 

851 

0  315 

0.335 

C 

6.10 

6  60 

0  240 

0.260 

D 

0.406 

0533 

0.016 

0.021 

£ 

j : ;  : 

3  18 

0.009 

0.125 

F 

0.406 

0  483 

o  oi  e 

UGH 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.026 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

0.500 

I 

6.35 

0.250 

M 

46°  A 

DM 

45°  1 

OM 

P 

1  27 

- 

0.050 

q 

90°  1 

0M 

90°  N0M 

R 

2.54 

0.100 

3-192 


2N6190  thru  2IM6193 


•  ELECTRICAL  CHARACTERISTICS  itc  .  25°c  .«> oth.™,»  nomi 


Characteristic 

1 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  ( 1 ) 
dC  =  50  mAdc.  IB  -  0) 

2N6190.2N6191 
2N6192.  2N6193 

vCE0(suj) 

80 
100 

Collector  Cutoff  Current 
(VCE  =  75  Vdc,  l8  -  0) 
(Vce  =  90  Vdc.  IB  =  0) 

'CEO 

100 
100 

jiAdc 

Collector  Cutoff  Current 
<VCE  =  75  Vdc.  VBE  (off|  =  1 .5  Vdc) 
IVCE  =  M  Vdc.  VBE  (off ,  =  1 .5  Vdc) 
IVCE  =  75  Vdc,  VBE  (off)  =  1 .5  Vdc. 
TC  =  150°C) 

(VCE  =  90  Vdc.  VBE(off)  =  1.5  Vdc, 
TC=  150°C) 

2N6190,  2N6191 
2N6192.2N6193 
2N6190,  2N6191 

2N6192.2N6193 

>CEX 

10 
10 

1.0 

1.0 

jiAdc 
mAdc 

Collector  Cutoff  Current 
(VCB  =  80  Vdc,  lE  =  0) 
(VCB  =  100  Vdc.  IE  =0) 

2N6190.  2N6191 
2N6192,  2N6193 

'CB0 

10 
10 

yAdc 

Emitter  Cutoff  Current 
(VBE  =  6  0  Vdc,  lc  =  0) 

'E  B0 

100 

MAdc 

ON  CHARACTERISTICS  1 11 

DC  Current  Gain 

(IC  "  500  mAdc.  VCE  =  2.0  Vdc) 

(lC  =  2.0Adc,  VCE  =2.0  Vdc) 

(IC  ■  5.0  Adc,  VCE  =  2.0  Vdc) 

2N6190.  2N6192 
2N6191.  2N6193 
2N6190,  2N6192 
2N6191,  2N6193 
2N6190,  2N6192 
2N6191.  2N6193 

"FE 

30 
60 
30 
60 
20 
40 

120 
240 

Collector-Emitter  Saturation  Voltage 
(IC  3  2.0  Adc,  lB  =  0.2  Add 
(lC  =  5.0  Adc,  l8  =0.5  Adcl 

vCE,sat) 

0.7 
1.2 

Vdc 

Bate-Emitter  Saturation  Voltage 

llC  =  2.0  Adc.  IB  =  0.2  Adc) 
(lC  =  5.0  Adc.  IB  =0.5  Adc) 

v8£(sat) 

1.2 
18 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain-Bandwidth  Product  (2J 

<IC  =  0  5  Adc.  VCE  =  10  Vdc,  f-rej,  =  10  MHz) 

<T 

30 

MHz 

Output  Capacitance  

(VCB=  10  Vdc,  lE  =  0.f  =  100  kHz) 

Cob 

300 

<? 

Input  Capacitance 
< VBE  =  2.0  Vdc.  IC  =  0.  f  =  100  kH2) 

cib 

1250 

PF 

SWITCHING  CHARACTERISTICS 

Delay  Time 

(VCC  =  40  Vdc,  VBE(off,  =  3.0  Vdc. 
lC  =  2.0  Adc,  lB1  =  0.2  Adcl 

100 

n» 

R  ite  Time 

 njo  

ns 

Storage  Time 

(VCC  =  40  Vdc,  IC  =  2  0  Adc. 
>BT  ■  "B2  '  0.2  Adc) 

20 

M» 

Fall  Time 

 1?  

 Mr    -  - 

 ni  

'Indicates  JEOEC  Registered  Date 


lC.  COLLECTOR  CURRENT  IAMPI 


3-193 


2N6190  thru  2N6193 


FIGURE  4  —  T> 


■ 


2.0    3.0       5.0  10  20      30  50 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  -  Vqe  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  200°C;  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(pk)  <  200°C. 
Tj(pk)  may  be  calculated  from  the  data  in  Figure  4.  At  high 
case  temperatures,  thermal  limitations  will  reduce  the  power  that 
can  be  handled  to  values  less  than  the  limitaitons  imposed  by 


FIGURE  6  -  TURN-OFF  TIME 


0.1  0.2     0.3       0.5  1.0  2.0     3.0  5.0 

IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  7  -  CAPACITANCE  varsus  VOLTAGE 


1000 
700 


o  300 
200 


1.0  2.0    3.0  5.0 


20     30  SO 


VR,  REVERSE  VOLTAGE (VOLTS) 


3-194 


® 


2N6211 
2N6212 
2N6213 


— 


MEDIUM-POWER  HIGH-VOLTAGE 
PNP  POWER  TRANSISTORS 

.  .  .  designed  for  high-speed  switching  and  linear  amplifier  applications 
for  high-voltage  operational  amplifiers,  switching  regulators,  convert- 
ers, inverters,  deflection  stages  and  high  fidelity  amplifiers. 

•  Collector-Emitter  Sustaining  Voltage  — 

VCEO(sus)  "  225  to  350  Vdc  <9>  lc  =  200 

•  Second  Breakdown  Collector  Current 

ls/b  -  875  mAdc  @  VCE  =  40  Vdc 

•  tf  =  0.6  us  Resistive  Fall  Time 

•  Usable  DC  Current  Gain  to  2.0  Adc 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


2  AMPERE 

POWER  TRANSISTORS 
PNP  SILICON 

225^VOLTS 




Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Base  Current 


Total  Power  Dissipation 
Derate  above  25°C 


> TC  =■  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


VCB 


Pd 


TJ.  Tstg 



2N6211    2N6212  2N6213 


300 


35  - 

0.2  ■ 


THERMAL  CHARACTERISTICS 





-65  o  +200 





Watts 
W/°C 


°C 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Indicates  JEDEC  Registered  Data. 


Symbol 


<>JC 


°C/W 


FIGURE  1  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


SEATING  PLANE 

STYLE  I: 
PIN  1  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


MIL  Lilt 

ETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

1 

11.34 

12.70 

0.470 

0.500 

C 

635 

8.64 

0.250 

0  340 

0 

071 

0.86 

0  028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24  33 

74.43 

0.958 

0.962 

4.83 

5  33 

0.190 

0.210 

G 

H 

2.41 

2.67 

0.095 

0.105 

J 

1448 

14.99 

0.570 

0  590 

K 

9.14 

0  360 

P 

1.27 

0.060 

Q 

3.61 

3.86 

0.142 

0.152 

S 

8.89 

0.350 

T 

3.68 

0  145 

- 

16.75 

0.620 

All  JE0EC  Dimensions  and  and  Noies  Apply. 
CASE  80-02 


50  100  200 

VCe-  COLLECTOR-EMITTER  VOLTAGE  (VOLTS! 


There  are  two  limitations  on  the  powerhandling  ability  of 
a  transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq-VcE  'im'ts  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  thecurves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(pj(j  -  200;  Tq  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  second  breakdown.  (See 
Figure  8). 








3-195 


2N6211,2N6212,  2N6213 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted) 


Min     |  Max 


OFF  CHARACTERISTICS 


"Collector-Emitter  Sustaining  Voltage  (1 ) 

(IC  -  200  mAdc.  IB -01  2N6211 

2N6212 
2N6213 

VCEO(sus) 

225 
300 
350 

Vdc 

- 

•Collector-Emitter  Sustaining  Voltage 

IIC  -  200  mA,  VBE  =  -1 .5  V,  L  =  10  mH) 

2N6211 
2N6212 
2N6213 

vCEXIsusl 

275 
350 
400 

— 

- 

Vdc 

•Collector-Emitter  Sustaining  Voltage  (1 ) 
<IC  =  200  mA.  IB  =  0.  RBE  =  50  fi) 

X 

2N6213 

vCER(sus) 

250 
325 
375 

- 

Vdc 

•Emitter-Base  Breakdown  Voltage  (1 ) 

(lE  =0.5  mAdc.  IC  =01  2N6212/13 
(lE  =  1.0  mAdc.  IC  =01  2N6211 

VEBO 

6.0 
6.0 

Vdc 

"Collector  Cutoff  Current 

(VCE  =  250  Vdc.  VBEIoffl  =  1 .5  Vdc,  TC  =  25°C) 

(TC  =  100°C) 
(VCE  =  31 5  Vdc.  VBE(off |  =  1 .5  Vdc.  TC  =  25°C) 

ITC  =  100°CI 
(VCE  =  360  Vdc.  VBE(off !  -  1 .5  Vdc.  TC  =  25°C) 

<TC  =  100°C) 

'CEV 

0.5 
5.0 
0.5 
5.0 
0.5 
5.0 

mAdc 

Collector  Cutoff  Current                                              All  Types 

'CEO 

5.0 

mAdc 

IVCE  =  150Vdc,  lB=0l 

"Emitter  Cutoff  Current 

(VEB  =  6.0  Vdc,  lc  =  0)  2N6211 

2N6212 
2N6213 

'   

'EBO 

1.0 

mAdc 

0.5 
0.5 

DC  Current  Gain 

<IC  =  1.0  Adc.  VCE  =  2.8  Vdc) 
(lC  =  10Adc,  VCE  =  3.2  Vdc) 
IIC  =  1.0  Adc,  VCE  =  4.0  Vdc) 

Collector-Emitter  Saturation  Voltage 
IIC  ■  1.0  Adc,  lB  =  125  mAdc) 


211 
212 
2N6213 


nFE 


10 
10 
10 


100 
100 
100 


2N6211 
2N6212 
2N6213 


vCE(sat) 


1.4 
1.6 

2.0 


Base-Emitter  Saturation  Voltage 
llc  =  10  Adc.  IB  =  125  mAdc) 




All  Tvpes 


^BE(sat) 


— 


DYNAMIC  CHARACTERISTICS 


•Current  Gain— Bandwidth  Product  (2) 

llc  =  200  mAdc,  VCE  =  10  Vdc,  f,est  =  5.0  MHz) 
Output  Capacitance  IVCB  *  10  Vdc,  lE  =  0,  f  -  1 .0  MHz) 
•SECOND  BREAKDOWN 


Cob 


•Second  Breakdown  Collector  Current  with  Base  Forward  Biased 
t  =  1 .0  s  Inon-repetitive)  (VcE  =  40  Vdc) 

'S/b 

0.875 

Adc 

•SWITCHING  CHARACTERISTICS 

Rise  Time 

(VCC  =  200  Vdc,  lC  =  1  0  Adc, 
lB1  =  '82  =  0  125  Adc) 

'r 

0.6 

us 

Storage  Time 

's 

2.5 

us 

Fall  Time 

'f 

0.6 

US 

•Indicates  JEDEC  Registered  Data. 

(1 )  Pulse  Test:  Pulse  Width  <k  300  ms,  Duty  Cycle  <  2.0% 


Input: 


FIGURE  2  —  SWITCHING 

vCc  = 


TIME  TEST  CIRCUIT 

-  200  V  O 


Output  to  Oscilloscope 
(Tektronix  Model  No.  543A, 


or  equivalent 

>  

y  w  10  n? 

Input  from  Pulse  Generator 
(Pulse  Duration  =  20  Ms. 
Rep.  Bate  =  200  Hz) 


oo  fir 


XL 


'B2  - 


•Adjust  Rg  for  Iq2  and  Rrj  for  tQ 
a'bi  and  \q2  measured  with  Tektronix  Current 
Probe  P6019  and  Type  134  Amplifier,  or  equivalent 


3-196 


2N6211,2N6212,  2N6213 


3-197 


2N6233 

2N6234  (g) 


2N6235 


HIGH  VOLTAGE  NPN  SILICON  TRANSISTORS 


switching  regulators. 


High  Collector-Emitter  Sustaining  Voltage  - 

VCEO(sus)  =  225  Vdc  -  2N6233 
275  Vdc  -  2N6234 
325  Vdc  -  2N6235 
DC  Current  Gain  -  hpE  =  25  to  125  -  lc  =  '  0  Adc 
Low  Collector  Emitter  Saturation  Voltage 

VcE(sat)  *  0.5  Vdc  (Max)  @  lc  =  1.0  Adc 
High  Frequency  Response  —  f  j  =  20  MHz  (Min) 
Fast  Switching  Times  @  1.0  Adc  - 

tr  =  0.5  ms  (Max) 

ts  =  3.5  ms  (Max) 

tf  =  0.5  ms  (Max) 


5  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 

225,275.325  VOLTS 
50  WATTS 


•MAXIMUM  RATINGS 


cssC 
\  1 

in'- 

Base  Current 

Total  Device  Dissipation  @  TC  =  25°C 
Derate  above  25°C  

Operating  and  Storage  Junction 
Temperature  Range 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

»JC 

3  5 

°C/W 

•Indicates  JEDEC  Registered  Data. 


so 

t  40 
< 

s 

1  30 
£ 

1 

°  20 

i 

a  io 

0 

FIGURE  1  -  POWER  TEMPERATURE  DERATING 



40                 80                120               160  20 
Tc.  CASE  TEMPERATURE  (°CI 

1 

T 

5^1 


SEATING  PLANE 


_l 


STYLE  I 

PIN  1  BASE 
2  EMITTER 
J   CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

1270 

0.470 

0.500 

C 

635 

8.64 

0.250 

0.340 

0 

0  71 

0.86 

0  028 

0.034 

E 

1.27 

1.91 

0.050 

0075 

F 

2433 

24.43 

0.958 

0  962 

G 

483 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0  096 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

0.360 

P 

1.27 

0.050 

a 

361 

3.86 

0.142 

0.152 

s 

8  89 

0  350 

T 

368 

0.145 

U 

15.75 

0  620 

All  JEOEC  Dimensions  and  and  Notes  Apply. 

CASE  80O2 
T066 


3-198 


2N6233,  2N6234,  2N6235 


•ELECTRICAL  CHARACTERISTICS  ITC  =  25°C  unless  otherwise  noted! 

|  Cha.acle.istk:  |      Symbol       |         Min  |        M.x         |         Unit  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 

llc  =  20mAdc,  lB  =  01  2N6233 

VcEOIsus) 

225 
275 
325 

Vdc 

Collector  Cutoff  Current 

IVCE  "  225.  IB  -  0)  2N6233 
IVCE  -  275,  lB  =  01  2N6234 
IVCE  "  325,  lB  -  01  2N6235 

'CEO 

bob 

mAdc 

Collector  Cutoff  Current 

IVCE  "  250  Vdc,  VEB|o)fl  -  1.5  Vdc.  2N6233 
TC  -  150°CI 

[VCE  -  300  Vdc.  VeB1„„,  -  1.5  Vdc.  2N6234 
Tc  -  150°CI 

IVCE  "  350  Vdc.  VEB|off|  ■  1.5  Vdc.  2N6235 
Tc  -  150°C> 

'CEX 

bob 

mAdc 

Collector  Cutoff  Current 

(VCB  =  250  Vdc,  lE  =  0)  2N6233 
(VCB  =  300  Vdc,  lE  =  01  2N6234 
(VCB  -  350  Vdc.  IE  -01  2N6235 

ICBO 

0.1 
0.1 
0.1 

mAdc 

Emitter  Cutoff  Current 
1VBE-  6.0  Vdc.  IC  -  01 

'EBO 

0.1 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

IIC  -0.1  Adc.  VCE  -5.0  Vdc) 
llc  -  1.0  Adc.  VCE  =  5.0  Vdcl 
llc  =  3.0  Adc.  VCE  =  5.0  Vdcl 

»FE 

25 
10 

125 

Collector  Emitter  Saturation  Voltage 
(lc  =  1.0  Adc.  IB  =  0.1  Add 
llc-5.0Adc.  IB-  1.0  Add 

0.5 
2.5 

Vdc 

Base  Em. tier  Saturation  Voltage 
llc  =  1.0  Adc.  IB  -  0.1  Add 
Uc  =  5  0  Adc.  IB  =  1-0  Add 

VBElsat) 

1.0 
2.0 

Vdc 

Base-Emitter  On  Voltage 

(lc  =  1.0Adc.  VCE  =  5.0  Vdcl 

VBEIon) 

1.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  Bandwidth  Product  12) 

IV  "  0.25  Adc,  V„  -  10  Vdc,  f      -  10  MHzl 
C                    CE  test 

<T 

20 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc,  l£  =  0,  f  =0.1  MHz) 

Cob 

250 

pF 

SWITCHING  CHARACTERISTICS 

RNse  Time 

(Vcc  =  200  Vdc.  lc  =  1.0  Adc.  IB  =  0  1  Adc) 

0.5 

US 

Storage  Time 

IVCC  '  200  Vdc.  IC  ■  10  Adc.  IB,  ■  IB2  '0.1  Add 

>s 

3.5 

"S 

Fall  Time 

(Vcc  -  200  Vdc.  Ic  =  10  Adc.  IB1  =  tB2  -  0  1  Add 

'f 

0.5 

"5 

■  Indicates  JEDEC  Registered  Data 


CONNECTED  AND  V2  REDUCED  TO  5 

VOLTS  FOR  td  MEASUREMENT,  It  COLLECTOR  CURRENT  IAMP] 


3-199 


2N6233,  2N6234,  2N6235 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


5.0   7.0    10  20      30        50    70     100  200     300  500 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTSI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  I q  —  Vqe  limits  of  the  transis- 
tor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indi- 
cate. 

The  data  of  Figure  5  is  based  on  Tj(pk|  =  200°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  TJ(pk)  <  200°C.  Tj(p(()  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCES 


0.5       .0     2.0         5.0      10  20 

Vfl,  REVERSE  VOLTAGE  (VOLTS) 


3-200 


® 


MOTOROLA 


2N6249 
2N6250 
2N6251 


HIGH  VOLTAGE  NPN  SILICON  POWER 
TRANSISTORS 

.  .  .  designed  for  high  voltage  inverters,  switching  regulators  and  line 
operated  amplifier  applications.  Especially  well  suited  for  switching 
power  suddIv  applications. 


•  High  Voltage  Breakdown  Rating 

•  Low  Saturation  Voltages 

•  Fast  Switching  Capability 

•  High  Es/b  Energy  Handling  Capability 


_ 


15  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 

200,  275,  350  VOLTS 
175  WATTS 


MAXIMUM  RATINGS 


'Collector-Emitter 


•Collector-Emitter  Vi 


'Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous" 
-  Peak 


Base  Current  -  Continuous* 
-  Peak 


Emitter  Current  -  Continuous 
Peak 


Total  Power  Dissipation  (3  Tc  =  25°C 
8>TC»100°C 

Derate  above  25°C 


'Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEOIsus) 


vCER(susl 


VCB 


VEB 


'C 
'CM 


'PM 


'EM 


PD 


TJ.Tstg 


2N6249    2N6250  2N6251 


-15- 
-30- 


-  10- 
-20- 


-  25- 
-50- 


-175- 
-100- 
-1.0- 


--65  to  +200- 


W/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

1.0 

°c/w 

Maximum  Lead  Temperature  for 

Soldering  Purposes:  1/8"  from  Case 
for  5  Seconds 

Tl 

275 

°c 

•Indicates  JEDEC  Registered  Data. 
••JEDEC  Registered  Value  is  10  A,  Motorola  Guaranteed  Value  is  15  A. 


FIGURE  1  -  POWER  DERATING 


>EC0N 

)  BRE" 

K00W 
RAT  IN 

I 

 DE 

3  

THE 

MAL 

DERATING 

0               40               80  1 

!0  1 

tc.CASE  TEMPERATURE  ("CI 


PIN  1.  BASE 

2.  EMITTER 
CASE  COLLECTOR 


NOTES: 

1   DIMENSIONS  Q  AND  V  ARE  DATUMS. 

2.  [t~|  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0: 

|   »  |  »13  10.00510  |  T  J  v"©~~] 

FOR  LEADS:  

|   ♦  1  ».13  (0.005I®T  |  y®  |  Q.®  | 

4.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  Y14.5.  1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

I 

21.08 

0.830 

C 

635 

7.62 

0.250 

0300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

30,15  BSC 

1.187  BSC 

-ST 

10.92  BSC 

0,430  BSC 

H 

5.46  BSC 

0.215  BSC 

J 

16.89  BSC 

0.665  BSC 

K 

11.18 

12.19 

0.440 

0.480 

a 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 

CASE  1  05 
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2N6249,  2N6250,  2IM6251 


'ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  othe 


Characteristic 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  {Table  1) 
(lc  =  200mA.  IB=0I 


2N6249 
2N6250 
2N6251 


Collector-Emitter  Sustaining  Voltage  (Table  1 ) 

(lc-  200  mA)  2N6249 

2N6250 
2N6251 


Collector  Cutoff  Current 

(VCE  -  Rated  VCER.  VBEIoff)  =  1.5  Vdc] 

<VCE  -  Rated  VCER.  VBEloff)  "  1  -5  Vdc.  Tc  °  125°C) 

2N6249 
2N6250 
251 


Collector  Cutoff  Current 
<VCE=  150  Vdc,  lB  =  0) 
IVCE  =  225  Vdc.  IB  -  0) 
(VCE  -  300  Vdc.  IB  -  0) 


Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc,  lc  «  01 


vCEO(susl 


VcERIsus) 


'CEV 


'CEO 


200 

275 
350 


225 
300 
375 


- 
- 

 -  


5.0 
10 


SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  base  forwa 
biased  t  =  1 .0  s  (non-repetitive) 

d    (VCE  =  30V) 
IVCE  =  100  VI 

>S/b 

58 

0.3 

Vdc 

3 

Second  Breakdown  Energy  with  base  reverse  biased  (Table  1 ) 
IIC  -  10  A,  VBE,0)I)  -  4.0  Vdc.  L  -  50  mHI 

ES/b 

2.5 

mJ 

DC  Current  Gain 

(lc  =  10  Adc.  VCE  -  3.0  Vdc) 


Collector-Emitter  Saturation  Voltage 
(lc  -  10  Adc,  lB  -  1.0  Add 
(IC=  10  Adc,  lB  =  1.25  Adc) 
llC  =  10  Adc,  lB  =  1.67  Adc) 

Base-Emitter  Saturation  Voltage 
llc  =  10  Adc.  IB  =  1.0  Adc) 
llC  -  10  Adc,  lB  =  1.25  Add 
(lc  «  10  Adc.  IB  -  1.67  Add 


hFE 


vCE(satl 


vBE(sat) 


10 

8.0 
6.0 


50 
50 
50 


1.5 
1.5 
15 


2.5 
2.5 
2.5 


DYNAMIC  CHARACTERISTICS 


Current-Gain  —  Bandwidth  Product 

(lc  -  1.0  Adc,  VCE  -  10  Vdc,  ftest  =  1.0  MHz) 


MHz 


SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1) 


Storage  Time 


(Vcc  "  200  Vdc,  lc  -  10  A,  Duty 
Cycle  s;  2.0%.  tp  =  100  us) 
dBl  "  )B2  "  10  Add  2N6249 


llB1  =  lB2- 1.26  Add 
(lB1  -  lB2=  1.67  Add 


2N6250 
2N6261 


*  Indicates  JEDEC  Registered  Data. 
1 1 1  Measured  on  a  curve  tracer  (60  Hz  full-wave  rectified  s 


 ^f_ 
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2IM6249,  2N6250,  2IM6251 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC 

 , 


PERFORMANCE 


vCEOIiu>) 


VCERUu.l 


RESISTIVE 
SWITCHING 


.5 

15 


lC  -  10  A 
PW  *  lOOfis 
tr  <  5  ns 
t(  <  50  ns 
Duty  Cycle  K  2% 


Lco,l  -42mH 
RC01I  =  0  7  n,  tQ  =  60  Hz 
Vcc  -0to50V 


L„„=14.r,H 
Rcoil  =  0  05  n 


50 »H  vcc-  ll-SV 
RC01I-02W 


VCC  "  200  V 
RL   =  20  n 


INDUCTIVE  TEST  CIRCUIT 
TUT 


OUTPUT  WAVE 


 ^ 

FORMS 


r/ 

L. 

! 

1  \ 

1]  Adjuited  t 
Obtain  lc 


l-co.l  "C^ 


NOTE:      Sat  lclDk)  to  Obtain  lc  ■=  200  mA  at  VCEO(lus)  Equal  10  P 
Adjust  Vci,mp  Voltage  tor  VCEO(,us,  Rated  Valua. 


FIGURE  2  -  THERMAL  RESPONSE 


ZoJCIII  ■  'HI  B»JC 

P.»JC  =  1  0°C/V»Max 

0  CURVES  APPLY  FOR  POWER 
PULSE  TRAIN  SHOWN 
READ  TIME  AT  l| 

Tjlpkl  -  Tc  =  P(pk)  ZoJCdl 


FIGURE  3  -  ACTIVE-REGION  SAFE 
OPERATING  AREA 


5.0   7.0    10  20      30        50    70    100  200  300 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~vCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  3  is  based  on  Jq  =  25°C,  Tj{pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Jq  >  25°C.  Second  breakdown  limitations 
ate  the  same  as  thermal  l.mitaiions.  Allowable 
t  at  the  voltages  shown  on  Figure  3  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  I. 

"Tj(pk)  may  be  calculated  from  the  data  in  Figure  2. 
At  high  case  temperatures,  thermal  limitations  will  r 
the  power  that  can  be  handled  to  values  less  than  1 
limitations  imposed  by  second  breakdown. 
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2N6249,  2N6250,  2N6251 


DC  CHARACTERISTICS 


FIGURE  4  —  DC  CURRENT  GAIN 


FIGURE  5  -  COLLECTOR  SATURATION  REGION 


0  5    0  7    1  0  2.0     3.0       5  0    7  0  10 

IC.  COLLECTOR  CURRENT  (AMP) 

FIGURE  6  -  "ON"  VOLTAGE 


2  0     3.0       50  7.0 


18,  BASE  CURRENT  (AMP! 


FIGURE  7  - 


ATURE  COEFFICIENTS 


1  1 

1.2 

5;  '  0 

o 

>  0.8 
< 

•Z  0.6 

o 

> 

>'  0.4 
0  2 
0 


-Tj 

i 

B 

■5 

0 

Uacr.-i  fa)  \j 

c 

3 

ov — 

F 

VCE(sat)  ®  Ic/lB  =  5 

i  iiii  in — 

0.5  1.0  2.0     3.0       5.0  7.0  10 

IC,  COLLECTOR  CURRENT  (AMPI 

RESISTIVE  SWITCHING  PERFORMANCE 


02     0.3       05    0  7    1  0  20     3.0       5.0   7.0  10 

IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  8  -  TURN  ON  TIME 


FIGURE  9  -  TURN-OFF  TIME 


0  5      0.1      0.2         0.5      1.0      2.0  5.0 
IC.  COLLECTOR  CURRENT  (AMP) 


005     0.1  0.2 


0.6  1.0  2.0  5.0  10  20 
OR  CURRENT  (AMP) 
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® 


2N6274 
thru 


2N6277 


HIGH-POWER  NPN  SILICON  TRANSISTORS 

.  .  .  designed  for  use  in  industrial-military  power  amplifer  and 
switching  circuit  applications. 

•  High  Collector  Emitter  Sustaining  Voltage  - 

VcEO(sus)  =  100  Vdc  (Mini  -  2N6274 
=  120  Vdc  (Mini  -  2N6275 
=  140  Vdc  (Mini  -  2N6276 
=  150  Vdc  (Mini  -  2N6277 

•  High  DC  Current  Gain  - 

hFE  =  30-120  <9>lc  =  20  Adc 

-  10  (Mini  @  lC  =  50  Adc 

•  Low  Collector-Emitter  Saturation  Voltage  - 

vCE(sat)  "  1-0  Vdc  (Maxl  @  lc  =  20  Adc 

•  Fast  Switching  Times  @  lc  =  20  Adc 

tr  =  0.35  ms  (Maxl 
ts  =  0.8  us  (Max 
tf  =  0.25  us  (Max) 

•  Complement  to  2N6377-79 


MAX 


IMUM  RATINGS 


Rating 

Symbol 

2N6274 

2N6275 

2N6276 

2N6277 

Unit 

Collector-Base  Voltage 

vCB 

1  20 

140 

160 

180 

Vdc 

Collector-Emitter  Voltage 

vCEO 

100 

120 

140 

150 

Vdc 

Emitter-Base  Voltage 

VFR 

 6.0  

Vdc 

Collector  Current  -  Continuous 
Peak 

ic 

cn 

Adc 

100  ■ 

Base  Current 

IB 

20   - 

Adc 



Total  Device  Dissipation  @  Jq  =  25°C 
Derate  above  25°C 

260  

Watts 
W/°C 

1.43  

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

 65  lo  +200  

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to 

Case 

»JC 

0.7 

°C/W 

•Indicates  JEDEC  Registered  Dat 

L 

FIGURE  1  -  POWER  DERATING 


50         75         100        125  150 
Tc.CASE  TEMPERATURE  l°C) 


50  AMPERE 
POWER  TRANSISTORS 
NPN  SILICON 

100,  120,  140,  150  VOLTS 
250  WATTS 


STYLE  I: 
PIN  1.  BASE 

2.  EMITTER 
CASE.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

Ml  N 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0  830 

C 

G.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.84 

4.09 

0.161 

0.161 

R 

24.89 

26.67 

0.980 

1.050 
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2N6274  thru  2N6277 

'ELECTRICAL  CHARACTERISTICS  (TC  -  25°C  unless  otherwise  noted! 


Characteristic 

Symbol 

Min 

Max 

Unit  j 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  d  1 
OC  =  50  mAdc.  IB  =  01 

2IM6274 
2NI6275 

vCEO(sus) 

100 
120 

- 

Vdc 

2N6276 
2N6277 

140 
150 

Collector  Cutoff  Current 
IVCE  =  50  Vdc.  IB  -  0) 
IVCE  .  60  Vdc,  lB  -  01 
(VCE  =  70  Vdc,  lB  -  0) 
IVCE-75  Vdc.lB  =  0> 

2M6274 
2N6275 
2N6276 
2N6277 

ICEO 

jnotr* 

50 
50 
50 
50 

MAdc 

Collector  Cutoff  Current 

(VCE  ■  Rated  VCB,  VEBIof)|  ■  1.5  Vdc) 

(VCE  =  Rated  VCB,  VEB(o„|  =  1.5  Vdc,  TC  j  150°CI 

'CEX 

10 

1.0 

MAdc 
mAdc 

Emitter  Cutoff  Current 
(VBE  =  6  0  Vdc,  IC  -  01 

Iebo 

 :  ■ 

100 

MAdc 

ON  CHARACTERISTICS  (D 


DC  Current  Gam 

(lc  1  0  Adc.  VCE  '  4.0  Vdc) 
dC  =  20  Adc,  VCE  =  4.0  Vdc) 
(lc  -  50  Adc,  VCE  ■  4.0  Vdc) 


"FE 


50 
30 
10 


Collector -Emitter  Saturation  Voltage 
llc  '  20  Adc.  Ig  =  2.0  Adc) 
(lc  =  50  Adc,  I B     10  Adc) 


vCEIsat) 


1  0 
3.0 





Base-Emitlei  Saluiation  Voltage 
llc     20  Adc.  IB     2.0  Adc) 
llc  -  50  Adc.  IB     10  Add 


vBEIsall 


1.8 

3.5 


Base-Emittei  On  Voltage 

llc     20  Adc,  VCE  -  4.0  Vdcl 


vBEIon) 





DYNAMIC  CHARACTERISTICS 


Cuirent-Gain    Bandwidth  Product  (21 

lie  -  1  0  Adc.  VCE     10  Vdc,  lle5,  10MH/I 


MHr 



Output  Capacitance 

IVCB     10  Vdc.  IE     0.  I     0.1  MH;I 








C„i, 


600 


SWITCHING  CHARACTERISTICS 


Rise  Time 

IVCC    80  Vdc.  IC     20  Adc.  IB)     2  0  Adc.  VE 

Eloffl    5  0  Vdcl 

I, 

0  35 

Storage  Time 
IVcc  =  80  Vdc.  IC    20  Adc.  IB1     lB2    2  0  A 

id 

0.80 

- 

Fall  Time 

IVCC    80  Vdc.  Ic     20  Adc.  IB1  -  lB2     2  0  A 

'I 

0.25 

ms 

,  1 

II I  Pulse  Test  Pulse  Width  ^  300  Ms.  Duty  Cycle  <2.0%. 
121  >T  ^.'-W 

FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 


30  ms 


FIGURE  3  -  TURN-ON  TIME 


-18.5  V  1 

tr.  tf  <  10  ns 
Duty  Cycle  =  0.5% 


Note:  For  information  on  Figures  3  and  G.  Ftp,  and  Rc  were 
varied  to  obtain  desired  test  conditions. 


0.07 
0.05 

0.03 
0.02 


ic/i 

1-1 

0 

Tj«25°C 

- 

E(off) 

=  5.t 

V 

/ 

1 

e 

V 

80  V 

0.5    0.7    1.0  2.0     3.0       5.0    7.0     10  20     30  50 

IC.  COLLECTOR  CURRENT  (AMP) 
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2N6274  thru  2N6277 


FIGURE  4  -  THERMAL  RESPONSE 


I,  TIME  (ms) 


FIGURE  5  —  ACTIVE  REGION  SAFE  OPERATING  AREA 


5.0    7.0     10  20      30         50    70  10 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  'c^CE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|<)  =  200°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<)  ^  200°C.  Tj(p|(j  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 
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2N6274  thru  2N6277 


FIGURE  8  -  DC  CURRENT  GAIN  FIGURE  9  -  COLLECTOR  SATURATION  REGION 


0.5    0.7    1.0  2.0     3.0       5.0   7.0     10  20     30        50  0.01    0.02       0.05     0.1      0.2        0.5      1.0      2.0        5.0  10 

lC,  COLLECTOR  CURRENT  (AMP)  |Bi  BASE  CURRENT  (AMP) 
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® 


2N6282  thru  2N6284  NPN 
2N6285  thru  2N6287  PNP 


DARLINGTON  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 


designed  for  general-purpose  amplifier  and  low  frequency  switching 


applications. 


High  DC  Current  Gain  @  Iq  =  10  Adc  - 

hF£  =f  2400  (Typ)  -  2N6282.  2N6283,  2N6284 
=  4000  (Typ)  -  2N6285,  2N6286.  2N6287 
Collector-Emitter  Sustaining  Voltage  - 

vCEO(sus)  =   60  Vdc  (Min)  -  2N6282,  2N6285 
=   80  Vdc  (Min)  -  2N6283,  2N6286 
f  100  Vdc  (Min)  -  2N6284,  2N6287 
Monolithic  Construction  with  Built-in  Base-Emitter  Shunt 
Resistors 


DARLINGTON 
20  AMPERE 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60,80,  100  VOLTS 


/1UM  RATINGS 


Rating 

Symbol 

2N6282 
2N6285 

2N6283 
2N6286 

2N6284 
2N6287 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

80 

100 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

100 

Vdc 

Emitter-Base  Voltage 

veb 

5.0 

Vdc 

Collector  Current  —  Continuous 
Peak 

ic 

20 
40 

Adc 

Base  Current 

>B 

0.5 

Adc 

Total  Device  Dissipation  @Tq  =  25°C 
Derate  above  25°C 

Pd 

160 
0.915 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.TS,g 

-65  to  +200 

°C 

'  



•THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«jc 

1.09 

°c/w 

'Indicates  JEDEC  Registered  Data. 

FIGURE  1  -POWER  DERATING 


pd,  power  dissipation  watts) 

( 

25         SO         75        100  12 

5       150        175  29 

Tc,  CASE  TEMPERATURE  CO 


j  L 


V  


J 


F  

 J  — 

u- 

STYLE  1 

PIN  1.  BASE 

2.  EMITTER 
CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

21.08 

0.830 

C 

S.35 

7.62 

0.250 

0.300 

0 

0.S7 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0  420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

II 

2.54 

3.05 

0.100 

0.120 

NOTES: 

I.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
REFERENCED  TO-3  OUTLINE  SHALL  APPLY. 
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2N6282,  2IM6283,  2N6284  NPN, 
2N6285,  2N6286,  2N6287  PNP 


'ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 
(lc  =  0.1  Adc.  IB  =  0) 

2N6282,  2N6285 
2N  6283.  2N6286 
2N6284.  2N6287 

vCEO(sus) 

60 
80 
100 

Vdc 

Collector  Cutoff  Current 
(VCE  =  30  Vdc,  lB  =  0) 
(VCE  =  40  Vdc.  IB  =  0) 
(VCE  =  50  Vdc.  IB  =  0) 

2N  6282,  2N6285 
2N6283,  2N6286 
2N6284.  2N6287 

'CEO 

bob 

mAdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCB.  VBE(off |  =  1 .5  Vdc) 
(VCE  =  Rated  VC8,  VBE(off )  =  1 .5  Vdc,  Tc 

p  1 

50°C) 

'CEX 

0.5 
5.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc.  IC  =  0) 

'EBO 

2.0 

mAdc 

ON  CHARACTERISTICS  (1) 


DC  Current  Gain 

(lC=  10  Adc,  VCE=3.0  Vdc) 
(lC  -  20  Adc,  VCE  =  3.0  Vdc) 


"FE 


750 
100 


Collector-Emitter  Saturation  Voltage 
(lC  ■  10  Adc,  lB  =  40  mAdc) 
(lc  °  20  Adc,  lB  =  200  mAdc) 


vCE(sa0 
VBE<, 


2.0 
3.0 


Base-Emitter  On  Voltage 

(lC  =  10  Adc,  VCE  =  3.0  Vdc) 





on) 


Base-Emitter  Saturation  Voltage 
(lC  =  20  Adc,  lB  =  200  mAdc) 


VBE(sat) 


DYNAMIC  CHARACTERISTICS  

Magnitude  of  Common  Emitter  Small-Signal  Short-Cin 


cuit 


Forward  Current  Transfer  Ratio 
1IC  '  10  Adc,  VCE  =  3.0  Vdc,  f  =  1 .0  MHz) 


Output  Capacitance 

(VCB  =  10  Vdc,  lE  =  0,  f  =  0.1  MHz) 


cob 


2N6282,  83,  84 
2N6285,  86,  37 


400 
600 


- 


Small-Signal  Current  Gain 

(lc  =  10  Adc,  VCE  =  3.0  Vdc,  f  =  1 .0  kHz) 

'  Indicates  JEDEC  Registered  Data. 
ID  Pulse  test:  Pulse  Width  -  300  lis.  Duty  Cycle  =  2% 

FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 


B8  »  RC  VARIED  tO  OBTAIN  DESIRED  CURRENT  LEVELS 
D|.  MUST  BE  FAST  RECOVERY  TYPES,  eg 

MSO63O0  USED  ABOVE  lB  <  100  mA 

MS06100  USE0  BELOW  IB  »  100  mA 


hfe. 


300 


FIGURE  3  -  SWITCHING  TIMES 
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DUTY  CYCLE  =  1.0% 


For  NPN  test  circuit  reverse  diode  and  voltage  polarities. 
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2N6282,  2N6283,  2N6284  NPN, 
2N6285,  2N6286,  2N6287  PNP 


FIGURE  4  —  THERMAL  RESPONSE 


5.0      10       20  50 
VCE.  COLLECTOR  EMITTER  VOLTAGE  [VOLTS) 


2.0  6.0  10  20  50  100 
VcE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


5.0      10  20 
VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  (imitations  on  the  power  handling  ability  of  a  transistor:  average  junction  temperature  and  second  breakdown.  Safe 
operating  area  curves  indicate  )q  -  VCE  limits  of  the  transistor  that  must  be  observed  for  reliable  opeiation.  i.e.  the  transistor  must  not 
be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  5,  6 and  7  is  based  on  Tj(pk)  =  200°C;  Tq  is  variable  depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  <200°C.  Tj(pk)  may  be  calculated  from  the  data  in  Figure  4  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  8  -  SMALL  SIGNAL  CUR  RE  NT  GAIN 
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FIGURE  9  -  CAPACITANCE 
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2N6282,  2N6283,  2N6284  NPN, 
2N6285,  2IM6286,  2N6287  PNP 


NPN 


2N6282.  2N6283.  2N6284 

FIGURE  10  -  DC  CURRENT  GAIN 
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FIGURE  11  -COLLECTOR  SATURATION  REGION 
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2N6282,  2N6283,  2N6284  NPN, 
2N6285,  2N6286,  2N6287  PNP 


IMS 
M 


NPN 

2N6282.  2N6283.  2N6284 


2N6285,  2N6286,  2IM6287 
FIGURE  13  -TEMPERATURE  COEFFICIENTS 
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FIGURE  14  -  COLLECTOR  CUTOFF  REGION 
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FIGURE  15  -  DARLINGTON  SCHEMATIC 
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2N6294, 2N6295  NPN 
2N6296,  2N6297  PNP 


® 


DARLINGTON  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  general-purpose  amplifier,  low-frequenci 
and  hammer  driver  applications. 

•  High  DC  Current  Gain  - 

hFE  =  3000  (Typ)  @  lC=  2.0  Adc 

•  Low  Collector-Emitter  Saturation  Voltage  — 

VCE(sat)  =  2.0  Vdc  (Max)  @>  lC  =  2.0  Adc 

•  Collector-Emitter  Sustaining  Voltage 

VCEO(sus)  =  60  Vdc  (Mini  -  2N6294,  2N6296 
=  80  Vdc  (Min)  -  2N6295,  2N6297 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistors 


*  MAXIMUM  RATINGS 





4  AMPERES 
DARLINGTON 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60,80  VOLTS 
50  WATTS 


Rating 

Symbol 

2N6294 
2N6296 

2N6295 
2N6297 

Unit 

Collector-Emitter  Voltjge 

vCEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

 Vdc  

Collector  Current  -  Continuous 
Peak 

ic 

 To  

8.0 

Adc 

Base  Current 

'B 

80 

mAdc 

Total  Device  Dissipation  @Tq  =  25°C 
Derate  above  25°C 

?D 

50 
0.286 

Watts 
W/°C 

Operating  and  Storage  Junction, 
Temperature  Range 

Tj.Trtg 


-65  to  +200 


°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rojc 

3.5 

°C/W 

•Indicates  JEDEC  Registered  Data 


PO,  POWER  DISSIPATION  (WATTS) 

FIGURE  1  -  POWER  DERATING 

0 

40                80               120              160  2C 
TC,  CASE  TEMPERATURE  l°C) 

0 

t 


STYLE  1 

PIN  I  BASE 
2.  EMITTER 
J—      CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

8 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

33 

24  4  3 

0.958 

0  962 

G 

4.83 

5.33 

0.190 

0.210 

H 

241 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

0.360 

P 

1  27 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

8.89 

0.350 

T 

3.68 

0.145 

U 

15.75 

0.620 

All  JEDEC  Dimensions  and  and  Notes  Apply. 


CASE  80-02 
TO-66 
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2IM6294,  2N6295  NPN/2N6296,  2N6297  PNP 


•ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  notedl 


Characteristic 


Symbol 


Max 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 

<lc  =  50mAdc.  IB=0)                                2N6294.  2N  6296 

2N6295,  2N6297 

vCEO(sus) 

60 
80 

Vdc 

Collector  Cutoff  Current 

(VCE  -  30  Vdc.  IB  =  0)                                  2N6294.  2N6296 
( VCE  =  40  Vdc,  1 B  -  01                                  2N6295.  2N6297 

!CEO 

0.5 
0.5 

mAdc 

Collector  Cutoff  Current 

(VCE  =  Rated  VCB,VEB(off)  =  1.5  Vdc)          2N  6294,  2N6295 
IVCE  =  Rated  VCB.  VBE(off|  -  1.5  Vdc)          2N  6296,  2N6297 

'CEX 

0.5 

0.5 

mAdc 

(VCE  =  Rated  VCB,  VEB(offl  =  1.5  Vdc.          2N6294,  2N6295 
TC  =  150°C) 

(VCE  =  Rated  VCB,  VBE(oft|  *  1.5  Vdc,          2N  6296,  2N6297 
Tc  -  150°C) 

5.0 
5.0 

Emitter  Cutoff  Current 
( VBE  =  5.0  Vdc,  lc  =  0) 

!EBO 

2.0 

mAdc 

ON  CHARACTERISTICS 


DC  Current  Gain 

dC  -  2.0  Adc,  Vce  -  3.0  Vdc) 
|lC  =  4.0Adc.  VCE  =  3.0Vdc) 

hFE 

750 
100 

18000 

Collector-Emitter  Saturation  Voltage 
llc  -  2.0  Adc,  lB  =  8.0  mAdc) 
(lc  =  4.0  Adc,  lB  =  40  mAdcl 

vCE(sat) 

2.0 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  4.0  Adc,  lB  =  40  mAdc) 

vBE(sat) 

4.0 

Vdc 

Base-Emitter  On  Voltage 

(lC  »  2.0  Adc,  VCE  =  3.0  Vdc) 

vBE(onl 

2.8 

Vdc 

DYNAMIC  CHARACTERISTICS 


Magnitude  of  Common  Emitter  Small-Signal 
Short-Circuit  Forward  Current  Transfer  Ratio 
llC  =  1.5  Adc,  VCE  =3.0  Vdc,  f  =  1.0  MHz) 

Ihfel 

4.0 

Output  Capacitance 

cob 

pF 

(VCB  =  10  Vdc.  IE  =  0,  f  -  0.1  MHz) 

2N6294,  2N6295 

120 

2N  6296.  2N6297 

200 

Smalt-Signal  Current  Gain 

(lc  =  1.5  Adc,  VCE  =  3.0  Vdc,  f  =  1.0  kHz) 

hfe 

300 

•Indicates  JEDEC  Registered  Data 


SWITCHING  Tl 
CIRCUIT 


FIGURE  2 

RB&  Rc  VARIED  TO  OBTAIN  D6SIRE0  CURRENT  LEVELS 


VCC 
-30V 


V2 


T 1 T  k        K1  1' 


tor  Id  and  If,  Dl  is  d 
and  V2  =  0 


tr.  If  <  10  ni 

OUTY  CYCLE  ■  1.0% 


For  NPN  test  circuit,  reverse  all  polarities. 


0.04 


0.2  0.4     0.6        1.0  2.0 

lC,  COLLECTOR  CURRENT  (AMP) 
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2N6294,  2N6295  NPN/2N6296,  2N6297  PNP 


FIGURE  4  -  THERMAL  RESPONSE 


50         100  200 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


1.0  2.0     3.0        5.0    7.0    10  20      30        50    70  100 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS! 


FIGURE  6  -SMALL-SIGNAL  CURRENT  GAIN 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq  -  Vqe  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  200;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<)  <  200.  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


20       40  60    100     200     400  500  1000  2000 
f,  FREQUENCY  (kHz) 


0.1  0.2 


0.5     1.0      2.0        6.0      10  20 
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2N6294,  2N6295  NPN/2N6296,  2N6297  PNP 


NPN  PNP 
2N6294,  2N629S  2N6296,  2N6297 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 


FIGURE  10  -  "ON"  VOLTAGES 
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2N6306, 2N6307, 2N6308 


® 


— 


HIGH  VOLTAGE  NPN  SILICON  POWER 
TRANSISTORS 


.  .  .  designed  for  high  voltage  inverters,  switching  regulators  and  line- 
operated  amplifier  applications.   Especially  well  suited  for  switching 
power  supply  applications  in  associated  consumer  products. 
•  High  Collector-Base  Voltage  - 
VCB  *  500  Vdc  -  2N6306 

=  600  Vdc  -  2N6307 

=  700  Vdc  -  2N6308 


Excellent  DC  Current  Gain  @  Iq  =  3.0  Adc 
hFE  =  15  -  75  -  2N6306,  2N6307 
=  12-60-  2N6308 

Low  Collector-Emitter  Saturation  Voltage  @  lc  =  3.0  Adc 
vCE(sat)  =  0-8  Vdc  (Max)  -  2N6306 
=  1.0  Vdc  (Max)  -  2N6307 
=  1.5  Vdc  (Max)  -  2N6308 

Current  Gain  Bandwidth  Product  — 
fT  =  5.0  MHz  (Min)  @  lc  =  0.3  Adc 


♦MAXIMUM  RATINGS 





Cotlector-Base  Voltage 


Collector-Emitter  Voltage 


Emitter-Base  Voltage 
Collector  Current  -  " 


3  Current 


Total  Device  Dissipation  @  Jq  - 
Derate  above  25°C 


25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


VCB 


VCEO 


VEB 


Pd 


2N6306      2N6307  2N6308 


700 


-8.0- 


8.0- 
16 


_  125 
0.714 


Watts 
W/°C 


°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

«JC 

14 

°C/W 

•Indicates  JEDEC  Registered  Data. 


FIGURE  1  -  POWER  DERATING 


0                10                80               120  1! 

0  200 

Tc.  CASE  TEMPERATURE  TO 


8  AMPERE 
POWER  TRANSISTORS 

NPN  SILICON 

250-300-350  VOLTS 


125  WATTS 


f 

V 

PIN  1.  BASE 

2.  EMITTER 
CASE  COLLECTOR 


NOTES: 

1.  DIMENSIONS  0  AND  V  ARE  DATUMS. 

2.  £f]  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q: 

|   »  |  >.13  10.0051®  |  T  |v©  ] 

FOR  LEADS:  

|  ♦  |  <.13(0.005)®T  |  y®  |  qQ| 

4.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  Y14.5,  1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

8 

21.08 

0.830 

C 

6.35 

7.62 

G25U 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15  BSC 

1.187  BSC 

G 

10.32  BSC 

0.430  BSC 

H 

5.46  BSC 

o  >«Bse 

-  re  ss* 

0.665  BSC 

« 

11.18 

12.19 

0.440 

0.480 

0 

381 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

U 

4.83 

5.33 

0.190 

3.81 

4.19 

0.150 
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2N6306,  2N6307,  2N6308 


•ELECTRICAL  CHARACTERISTICS  (Tc  ■  25°C  unless  otherwise  noted!  

[  Characteristic  I        Symbol       I         Mm  |        Mi>  |  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  ID 

(lc  -  lOOmAdc.  IB  -  01  2N6306 

2N6307 
2N6308 

VcEOIsusI 

250 
300 

- 

Vdc 

Collector  Cutoff  Current 
(VCE  -  Rated  VCE0.  IB  -  01 

'CEO 

05 

mAdc 

Collector  Cutoff  Current 

(VCE  =  500  Vdc.  VEB(offl  "  '  5  Vdcl  2N6306 
(VCE  -  600  Vdc.  VE8tof(|  -  1 .5  Vdcl  2N6307 
IVCE  -  700  Vdc,  VEB(off|  ■  1.5  Vdcl  2N6308 
IVCE  -  460  Vdc.  VEBtoftl  =  1.5  Vdc.  2N6306 
TC-150°C) 

IVCE  -  550  Vdc.  VEBtoff,  =  1.5  Vdc.  2N6307 
TC-  150°C) 

(Vce  -  650  Vdc.  VEBIoff|  -  1  5  Vdc.  2N6308 
Tc  =  150°CI 

'CEX 

0.5 
0.5 
0.5 
2.5 

2.5 

25 

mAdc 

Emitter  Cutoff  Current 
IVBE  -  8.0  Vdc.  IC  -  01 

'eBo 

1.0 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  1 1 ) 

llc  -  3.0  Adc.  VCE  -  5,0  Vdcl                        2N6306,  2N6307 

2N6308 

»FE 

15 
12 

75 
60 

IIC  ■  8.0  Adc.  VCE  ■  5.0  Vdcl                        2IM6306.  2N6307 

2N6308 

40 

3.0 

Collector-Emitter  Saturation  Voltage  (11 

llc  -3.0  Adc,  lB-  0.6  Add  2N6306 

2N6307 
2N6308 

dC  =  8  0  Adc.  IB  -  2.0  Add                           2N6306.  2N6307 
He  =  8.0  Adc,  lB  =  2.67  Add  2N6308 

VCEIsatl 

08 
10 

1,5 
5.0 
5.0 

Vdc 

Base-Emitter  Saturation  Voltage  1 1 1 
<IC  ■  8.0  Adc.  IB  ■  2.0  Add                           2N6306.  2N6307 
llc  -  8.0  Adc.  IB  ■  2.67  Add  2N6308 

vBE(satl 

2.3 
2.5 

Vdc 

Ease-Emitter  On  Voltage  1 1 ) 

llc  =  3.0  Adc.  VCE  -  6.0  Vdc)                        2N6306.  2N6307 

2N6308 

vBEIonl 

I  i.3 
1.5 

Vdc 

Second  Breakdown  Energv  (Figure  21 

"CIPKI  *  3  0  Adc.  L  -40  mH.  RBE  -  3  Ml.  VBB2  ■  1.5  Vdcl 

Es/b 

180 

mJ 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product  <2) 

(IC  =  0.3  Adc.  VCE  =  10  Vdc.  f,es,  =  1  0  MHz) 

<T 

50 

MHz 

Output  Capacitance 

(Vcs  ■  10  Vdc.  IE  ■  0.  f  =  0.1  MHz] 

Cob 

250 

pF 

SWITCHING  CHARACTERISTICS 

Rise  Time 

(Vce  =  125  Vdc.  IC  =  3  0  Adc.  IB  =  0,6  Add 

lr 

0.6 

US 

Storage  Time  131 

(VCC  =  125  Vdc.  IC  -  3  0  Adc.  IB1  ■  0.6  Adc.  IB2  •  15  Add 
Pulse  Width  •  25  us 
Pulse  Width  =  5  0us 

's 

16 
08 

us 

Fall  Time 

(Vcc  "  125  Vdc.  Ic=  3  0  Adc.  IB1  -  0.6  Adc,  lB2  -  1.5  Adc) 

tf 

_ 

04 

us 

II)  Pulse  Tm.  Pulse  Width  <  300  ms;  Duty  Cycle  ■  2.0% 


I2'  *T  =  |  hfe  |  •  'test 

13)    "On"  time  is  25  ms    ts  decreases  with  shorter  pulse  widths,  being  approximately  50%  of  the  values  shown  at  a  5  0  ms  pulse  width 


FIGURE  2  -  SECOND  BREAKDOWN  ENERGY  TEST  CIRCUIT  AND  WAVEFORMS 


Note  A  :  Input  puis*         ii  mc.  wj*i>  urtnl  >CtPK>    3  0  A 
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2N6306,  2N6307,  2N6308 


FIGURE  3  -  THERMAL  RESPONSE 


0.02   0.03      0  05         0  1  0  2     0  3      0  5 


2000 


FIGURE  4  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


20      30  50 
VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq-Vce  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  ind  icate. 

The  data  of  Figure  4  is  based  on  Tj(pk)  =  200°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj{p|<)  **200°C.  T j(pk)  may  be 
calculated  from  the  data  in  Figure  3.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  5  -  SWITCHING  TIMES  TEST  CIRCUIT 

Vcc|l25  V 
RC>41 


FIGURE  6  -  TURN-ON  AND  TURN-OFF  TIMES 


TO  SCOPE 


-25  (is 


V? 


DUTY  CYCLE  1% 
tr,  t|  <  10  ns 
Oi  -  1N3879 
COLLECTOR 


FOR  DATA  IN  FIGURE  6. 
RB  &  RC  ARE  VARIEO  TO  OBTAIN 
DESIRED  TEST  CONDITIONS.  Di 
JUNCTION    OMITTED  AND  V2  REDUCED  TO 

5.0  V  FOR  td  and  I,  MEASUREMENTS 


IC.  COLLECTOR  CURRENT  (AMP) 
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2N6306,  2N6307,  2N6308 


FIGURE  7  -  DC  CURRENT  GAIN 


FIGURE  8  -  COLLECTOR  SATURATION  REGION 


0.05  0.07  0.1 


IC,  COLLECTOR  CURRENT  (AMP) 
FIGURE  9  -  "ON"  VOLTAGES 


0.2     0.3       0.5  0.7    1.0  2.0     3.0  5.0 

IB,  BASE  CURRENT  (AMP) 


FIGURE  10  -  TEMPERATURE  COEFFICIENTS 


0.1  0.2     0.3       0.5   0.7  1.0 

I.C.  COLLECTOR  CURRENT  IAMPI 


FIGURE  11  -  COLLECTOR-CU1 


2     0.3       0.5    0.7    1.0  2.0     3.0        5.0    7.0  10 

IC,  COLLECTOR  CURRENT  (AMP) 


FIGURE  12  -  CAPACITANCE 
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VR,  REVERSE  VOLTAGE  (VOLTS) 
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NPN 

2N6315  2N6316 

PNP 

2N6317  2N6318 


® 





3V.TARY  SILICON 
WER  TRANSISTORS 


applications. 


•  LowC 

VCE(sat)  ■ 

•  Low  L 

•  Excellent  DC  Current  Gain  -  hF£  =  20  (Min)  ( 

•  High  Current  Gain  -  Bandwidth  Product  - 

ij  =  4.0  MHz  @  lc  =  0.25  Adc 


switching 


2.5  Adc 


COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60-80  VOLTS 
90  WATTS 


•MAXIMUM  RATINGS 


Rating 

Symbol 

2N6315 
2N6317 

2N6316 
2N6318 

Unit 

Collector-Emitter  Voltage 

VcEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  —  Continuous 
Peak 

1(5 

7.0 
15 

Adc 

Base  Current 

<B 

2.0 

Adc 

Total  Device  Dissipation  -  Tq  =  25°C 
Derate  above  25°C 

90 
0.615 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  TStg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Value 

Unit 

Thermal  Resistance,  Junction  to  Case 

OJC 

1.94 

°C/W 

•Indicates  JEDEC  registered  data.   Limits  and  conditions  differ  on  some  parameters  and  re- 
registration  reflecting  these  changes  has  been  requested.   All  above  values  meet  or  exceed 
present  JEDEC  registered  data. 

140 

£  120 
< 

-  100 

i 

1  BO 
M 

2  40 
S 

o  20 
0 

FIGURE  1  — 

POWER  DERATING 

0         25         50         75        100        125        150        175  20 
Tc.  CASE  TEMPERATURE  l°CI 

■    Safe  Area  Limits  are  indicated  bv  Figure  13. 

STYLE  1: 
PIN  1  BASE 

2.  EMITTER 
CASE;  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

1 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0  250 

0.340 

D 

0.71 

086 

0.028 

0034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

',83 

5.33 

0  190 

0210 

H 

2.41 

2.67 

0.095 

0  105 

J 

14.48 

14.99 

0.570 

0590 

K 

9.14 

0.360 

P 

1.27 

0.050 

Q 

3  61 

386 

0.142 

0  152 

S 

8.89 

0  350 

T 

3.68 

0.145 
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NPN  2N6315,  2N6316 
PNP2N6317,  2N6318 


•ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted) 


Symbol 


Off  CHARACTERISTICS 




2N6315.2N6317 
2N6316.2N6318 


Collector-Emitter  Sustaining  Voltage  (1) 
(lc  •  tOOmAdc.  IB  =  0I 


vCEOIsus) 


60 
80 


Collector  Cutoff  Current 
(VCE  -  30  Vdc,  lB  =0) 
(VCE»40Vdc,  lB-0) 


'CEO 


2N6315.2N6317 
2N6316.2N6318 


0.5 
0.5 


Collector  Cutoff  Current 

IVCE  -  60  Vdc,  VBE(off|  -  1.5  Vdcl  2N6315.2N6317 

(VCE  »  80  Vdc.  VBE(offl  -  1.5  Vdcl  2N6316.2N6318 

(VCE  -  60  Vdc  VBE(offl  -1.6  Vdc.Tc  -150°CI  2N6315.2N6317 

(VCE  •  80  Vdc.VBE(off|  =1.5  Vdc.Tc  =150°C)  2N6316.2N6318 


'CEX 


0.25 
0.25 
2.0 
2.0 


Collector  Cutoff  Current 
IVCB  -  60  Vdc,  lE  -  01 
(VCB  -  80  Vdc,  lE  =  0) 


'CBO 


2N6315.2N6317 
2N6316.2N6318 


025 
0.25 


Emitter  Cutoff  Current 
(VEB  -  5.0  Vdc,  lc  -  01 


lEBO 


ON  CHARACTERISTICS 


DC  Current  Gain  11) 
He  "  0.5  Adc,  Vqe  -  4.0  Vdc) 
llc -2.5  Adc,  VCE  =  4  0  Vdcl 
llC  =  7.0  Adc,  VCE  -  4.0  Vdcl 

"FE 

35 
20 
4.0 

100 

Collector-Emitter  Saturation  Voltage  (11 
IIC»4.0  Adc,  lB  =  0.4  Adc) 
IIC  '  7.0  Adc.  IB  -  1.75  Adc) 

VcElsatl 

1.0 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage  (1) 
IIC"  7.0  Adc.  IB  =  1.75  Add 

VBE(sat) 

2.5 

Vdc 

Base-Emitter  On  Voltage  (1) 
(>C  "  2.5  Adc,  VCE  r  4.0  Vdc) 

VfJEIon] 

1.5 

Vdc 

.  

Current  Gam  -  Bandwidth  Product  (21 

HC  =  0  25  Adc,  VCE  -  10  Vdc,  ftKt  -  1.0  MHz) 

'T 

4.0 

MHz 

Output  Capacitance 

(VCB  -  10  Vdc.  IE  =  0.  f  ■  1.0  MHz)  2N6317.2N6318 

2N6315.2N6316 

cob 

300 
200 

pF 

Small-Signal  Current  Gain 

Hc  ■  0.5  Adc.  VCE  -  4.0  Vdc,  f  =  1.0  kHz) 

h,e 

20 

SWI 

RACTERIST.CS 

Rise  Time 

(Vec  ■  30  Vdc.  Ic  =  2.5  Adc, 
lB1  -  lB2  '  0  25  Adc' 

tr 

0.7 

MS 

Storage  Time 

's 

1  0 

^s 

Fall  Time 

tf 

0.8 

MS 

•Indicates  JEDEC  Registered  Data. 
111  Puis.  Test:   Puis.  Width  S  300  MS.  D. 
(21  fT-l"f.l'W 
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NPN  2N6315,  2N6316 
PNP2N6317,  2N6318 


2N6315and  2N6316 


FIGURE  2  —  DC  CURRENT  GAIN 
500 


2N6317snd  2N6318 


0.07  0.1  0.2     0.3       0.5   0.7     1.0  2.0     3.0       5.0  7.0 

IC.  COLLECTOR  CURRENT  (AMPERES) 
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4 

FIGURE  3  -  COLLECTOR  SATURATION  REGION 
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FIGURE  4  -  "ON"  VOLTAGES 
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IMPN  2N6315,2N6316 
PIMP  2N6317,2N6318 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


10  20  30  50 

VCE.  COLLECTOR- EMITTER  VOLTAGE  (VOLTS) 


00 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  VrjE  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 


The  data  of  Figure  5  is  based  on  Tj(pk}  =  200°C;  Tq  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(p|<(  <200°C. 
"Tjlpkf  may  be  calculated  from  the  data  in  Figure  6.  At  high 
case  temperatures,  thermal  limitations  will  reduce  the  power  that 
can  be  handled  to  values  less  than  the  limitations  imposed  by 
second  breakdown. 


FIGURE  6  -THERMAL  RESPONSE 


7001000 
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2N6338 

thru 
2N6341 


® 


HIGH-POWER  NPN  SILICON  TRANSISTORS 

.  .  .  designed  for  use  in  industrial-military  power  amplifier  and 
switching  circuit  applications. 

•  High  Collector-Emitter  Sustaining  Voltage  - 

VcEO(sus)  "  100  vdc  (Min>  -  2N6338 
=  120  Vdc  (Min)  -  2N6339 
=  140  Vdc  (Min)  -  2N6340 
=  150  Vdc  (Min)  -  2N6341 

•  High  DC  Current  Gain  - 

hpE  =  30-120@  lc  =  10  Adc 
=  12  (Min)  @  lc  =  25  Adc 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VcE(sat)  =  1.0Vdc(Max)@lc=  10  Adc 

•  Fast  Switching  Times  @  lc  =  10  Adc 
tr=  0.3  us  (Max) 


ts=  1.0us  (Max) 
tf  =  0.25  us  (Max) 


•  Complement  to  2N6436-38 


"MAXIMUM  RATINGS 


Collector-Base  Voltage 


Collector-Emitter  Voltage  


Rating 


Collector  Current  -  Continuous 
Peak 


Total  Device  Dissipation  (s?  Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol    2N  6338  2N6339  2N6340  2N6341  Unit 


VCB 


vCEO 


VEB 


Tj.Ts 


120 


140 


160 


180 


-  200 
-1.14- 


Vdc 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"JC 

0.875 

°C/W 

■  Indicates  JEDEC  Registered  Data- 


200 
_  "5 

h 

o  125 
< 

U  m 

a 

n  75 

s 

£  50 

d 

25 
0 

FIGURE  1  -  POWER  DERATING 

1 

25          50          75         100  1 
Tc.  CASE  TEMPERATU 

»5        150        175  200 
RE  l°C] 

25  AMPERE 
POWER  TRANSISTORS 
NPN  SILICON 

100,  120.  140,  150  VOLTS 
200  WATTS 


STYLE  1 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.06 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

a 

3.81 

4.19 

0.150 

0.165 

26.67 

1.050 

u 

2.54 

3.05 

0.100 

0.120 

NOTES: 

1.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
REFERENCED  TO  3  OUTLINE  SHALL  APPLY. 
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2N6338  thru  2N6341 


•ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  oiherw.se  noted) 


Characteristic 


OFF  CHARACTERISTICS 


Collector  Emnte  Sustaining  Voltage  H) 
(lC-50mAdc.  lB.Ol 


2N6338 
2N6339 


2N6341 


— 


Collector  CutoM  Current 
(VCE  -  50  Vdc,  tB  ■  0) 
(VCE  =  60Vdc.  IB  =  0J 
IVCE  =  70  Vdc,  lB  =  0) 
IVCE  =  75  Vdc,  l8  =  0) 

Cutoff  Current 

«*  Vceo- 
IVCE  "  R»« 


2N6338 
2N6339 
2N6340 
2N6341 



-  I.BVdol 

Vde.TC-150°C, 


ICEX 


mAdC 


<VCB 


»  Cutoff 
-R.IM 


VCB.  IE  "  01 


'CBO 


Emitter  Cutoff  Current 
(VBE  ■  6.0  Vdc.  IC  =  01 








DC  Current  Gam 

HC  =  0  5  Adc,  VCE  =  2.0  Vdc) 
(IC  ■  10  Adc.  Vqe  =  2.0  Vdc) 
(lc-25  Adc,  VCE  =  2-0  Vdc) 

"FE 

.  . 

50 
30 
12 

120 

Collector-Emitter  Saturation  Voltage 
<IC=  10  Adc.  IB  =  10  Adc) 
<lC  =  25Adc,  lB  =  2.5  Adc, 

vCE(satl 

10 
1.8 

Vdc 

Base-Emmer  Saiurai.on  Voyage 
(fc  -  lOAdc,  iB  =  10  Adcl 
<IC=  25  Adc,  lB=  2  5  Adc) 

VBElsa» 

^s 
2.9 

Vdc 

Base-Emitter  On  Voltage 

|IC=  lOAdc,  VCE  =2.0  Vdc) 

18 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gam-Bandwidth  Product  '21 

<lc  =  t  0  AdC.  VCE  =  10  Vdc.  t1es,  --  '0  MH/I 

'T 

40 

MH* 

Output  Capactance 

IVCB  ~-  10  Vdc.  1  e  =  0.  f  =  0.1  MHz. 

^ob 

300 

pF 

SWITCHING  CHARACTERISTICS 


<VCC 
Slot  age  Time 

IVCC  "  80  Vdc, 


-V*'C-..~.  .,-^V  BEfo.f.eO.dc, 








lC=  10  Adc,  iB1  =  IB2=  1.0  Adcl 


Fall  Time 

(VCC  =80  Vdc.  IC=  10  Adc,  lB1  -  lB2-  1.0  Adc) 


Registered  Data 
(1)  Putt*  Test    Puis*  Width  <  300  us.  Duty  Cycle  4  2.0 
(21  (T   ■  lh(el.t,eit 


FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT  FIGURE  3  -  TURN-ON  TIME 


!C.  COLLECTOR  CURRENT  (AMP) 
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2N6338  thru  2N6341 


FIGURE  4  -  THERMAL  RESPONSE 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q -Vqe  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|<|  =  200°C;  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  ^  200°C.  Tj(p|,.)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 


VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 
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® 


2N6377 
thru 


HIGH-POWER  PNP  SILICON  TRANSISTORS 

.  .  .  designed  for  use  in  industrial-military  power  amplifier  and 
switching  circuit  applications. 
•  High  Collector  Emitter  Sustaining  Voltage  — 
VCEO  (sus)  s  80  Vdc  (Min)  -  2N6377 
=  100Vdc(Min)-2N6378 
=  120  Vdc  (Mini  -2N6379 


•  High  DC  Current  Gain  - 

hFE  =  30  120@lC'20  Adc 
=  10  (Min)  @>lc  = 

•  Low  Ci 

VCE(sat)=  1.0  Vdc  (Max)  @lc 

•  Fast  Switching  Times  @  lc  =  20 

tr  =j  0.35  *is  (Max) 
ts  =  0.8  (is  (Max) 
tf  =  0.25  Ms  (Max) 

•  Complement  to  2N6274-77 


50  AMPERE 

POWER  TRANSISTORS 
PNP  SILICON 

80, 100, 120  VOLTS 
250  WATTS 





1  MAXIMUM  RATINGS 


Rating 

Symbol 

2N6377 

2N637S 

2N6379 

Unit 

Collector-Base  Voltage 

VCB 

100 

120 

140 

Vdc 

Collector-Emitter  Voltage 

VcEO 

80 

100 

120 

Vdc 

Emitter-Base  Voltage 

VEB 

-«                     6.0   »- 

Vdc 

Collector  Current  —  Continuous 
Peak 

*C 

-«   50   

Adc 

  100  ■> 

Base  Current 

>B 

 20  — 

Adc 

Total  Device  Dissipation© 
TC  =  25°C 
Derate  above  25°C 

—                     250   »- 

Watts 
W/°C 

—  1.43  — 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-Tstg 

-«  65  to  +200  ■» 

°C 

- 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

«JC 

0.7 

"cm 

Indicates  JEDEC  Registered  Data. 


FIGURE  1  - 


\ 

0  2 

5  5 

1         75        100       125        150        175  200 

Tr;,CASE  TEMPERATURE  (°C) 


LE 

SEATING  -> 
PLANE 


STYLE  I: 
PIN  1.  BASE 
2.  EMITTER 
J  —       CASE.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

6.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.1E1 

R 

24.89 

26.B7 

0.980 

1.050 

3-229 


2N6377  thru  2N6379 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Unit 


•OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  '1' 

(lc  »  50  mAdc,  lB  =  0)  2N6377 

2N6378 

vCEOIsus) 

80 
100 

Vdc 

2N6379 

120 

Collector  Cutoff  Current 

(VCE  =  50Vdc.  IB  =  0)  2N6377 
( VCE  -  60  Vdc.  I B  =  0)  2N6378 
(VCE=70Vdc,  lB  =  0)  2N6379 

'CEO 

50 
50 
50 

uAdc 

Collector  Cutoff  Current 

(VCE  =  90%  Rated  VCB,  VBE(off|  -  1.5  Vdc) 

(VCE  =  90%  Rated  VCB.  VBE(off)  =  1.5  Vdc,  Tc  =  150°C) 

'CEX 

10 
1.0 

uAdc 
mAdc 

Emitter  Cutoff  Current 
IVEB  =  6.0  Vdc.  IC  =  0) 

'EBO 

100 

dAdc 

*ON  CHARACTERISTICS  <■) 

DC  Current  Gain 

( I  c  -  1 .0  Adc,  VCE  -  4.6  Vdc) 
(lC  =  20  Adc,  VCE  =  4.0  Vdc) 
llC  -  50  Adc.  VCE  =  4.0  Vdc) 

nFE 

50 
30 
10 

_ 

120 

Collector-Emitter  Saturation  Voltage 
(lC  =  20  Adc.  IB  -  2.0  Adc) 
(lC  =  50  Adc.  IB  •  10  Adc) 

vCE(sat) 

1.2 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  20  Adc.  IB  -  2.0  Adc) 
llC  =  50  Adc,  lB  =  10  Adc) 

vBE(sat) 

Vdc 

18 

35 

DYNAMIC  CHARACTERISTICS 


Current-Gain  -  Bandwidth  Product  (2) 

(IC=  10  Adc,  VCE  =  10  Vdc.  ftest  =  10  MHz) 
•Output  Capacitance 

(VCB  =  10  Vdc,  lE  -  Q,  f  -  0.1  MHz) 


30 


Rise  Time 

 ' 

0.36 

'r 

us 

Storage  Time 

(VCC=80  Vdc.  lc  =  20Adc, 

's 

0.80 

(is 

lB1  =  lB2  =  2.0Adc) 

Fall  Time 

'f 

0.25 

us 

...dicates  JbUtC  Registered  Data. 

ID   Pulse  Test:   Pulse  Width  =  300  us,  Duty  Cycle  =  2.0%. 


I2I  fT 


=  |hf|»  W 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 

vec 


FIGURE  3  -TURN  ON  TIME 


+19  V- 

0  - 

-21  V- 


tfctf*  10  ns 
Duly  Cycle  =  0.5%  -± 


Note:  For  inlormation  on  Figures  3  &  6.  Hp,  and  Rr, 
were  varied  io  obtain  desired  test  conditions 


2.0     3.0       5.0  7.0 
IC,  COLLECTOR  CURRENT  (AMP) 
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2N6377  thru  2N6379 


FIGURE  4  -  THERMAL  RESPONSE 


50         100  200 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


5.0    7.0     10  20     30        50  70 

VCE.  COLLECTOR-EMMITER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  IC'^CE  ''m'ts  °* tne  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|()  »  200°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p(<)  <  20O°C  Tj(p|<)  may  be 
1  from  the  data  in  Figure  4.  At  high  case  temperatures, 
ons  will  reduce  the  power  that  can  be  handled  to 
the  limitations  imposed  by  second  breakdown 
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2N6377  thru  2N6379 


FIGURE  8  -  DC  CURRENT  GAIN  FIGURE  9  -  COLLECTOR  SATURATION  REGION 


IC.  COLLECTOR  CURRENT  (AMP)  IB.  BASE  CURRENT  (AMP) 


FIGURE  10  -  "ON"  VOLTAGES  FIGURE  11  -  TEMPERATURE  COEFFICIENTS 


0.6   0.7    1.0         2.0     3.0       5.0   7.0     10  20     30       60  0.5    0.7    1.0  2.0     3.0      5.0    7.0    10  20     30  50 

IC.  COLLECTOR  CURRENT  (AMP)  |c,  COLLECTOR  CURRENT  (AMP) 


FIGURE  12  -  COLLECTOR  CUTOFF  REGION  FIGURE  13  -  BASE  CUTOFF  REGION 
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® 


NPN  PNP 

2N6383  2N6648 

motorola  2N6384  2N6649 

2N6385  2N6650 


COMPLEMENTARY  SILICON  POWER 
DARLINGTON  TRANSISTORS 

.  .  .  monolithic  complementary  silicon  Darlington  transistors  designed 
for  low  and  medium  frequency  power  applications  such  as  power 
switching,  audio  amplifiers,  hammer  drivers,  and  shunt  and  series 
regulators. 

•  High  Gain  Darlington  Performance 

•  True  Complementary  Specifications 




•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


Emitter  Base  Voltage 


Collector  Current  —  Continuous 
Peak  11)'' 


Base  Current  -  Continuous 


Total  Power  Dissipation 
STC-  25°C  I2I 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range  (2) 


Symbol 


vCEOIsusl 


VCEX 


'CBO 


vebo 


'cm 


?0 


2N6383 
2N6648 


2N6384 
2N6649 


2N6385 
2N6650 


10 
■  15  - 


THERMAL  CHARACTERISTICS 


Characteristic 


nal  Resistance.  Junction  to  Case 


Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /32"  from  Case  for  5  Seconds 


*  Indicates  JEDEC  Registered  Data. 
"Not  JEDEC  Registered. 

(1)  Pulse  Width  =  50  ms.  Duty  Cycle  <,  10%. 

(2)  Exceeds  JEDEC  Registration  for  2N6648,  2N6649,  2N6650. 
JEDEC  Registration  gives  PD  =  70  W,  Tj  =  150°C. 


I — W*-»-*AAr 

«  A  k  ^50 


15  AMPERE  PEAK 

COMPLEMENTARY 
SILICON  POWER 
DARLINGTON  TRANSISTORS 

40-60-80  VOLTS 
1 00  WATTS 


STYLE  I: 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39  37 

1  550 

8 

21.08 

0  830 

C 

635 

7.62 

0.250 

0300 

0 

099 

1  09 

0  039 

0  043 

E 

343 

0.135 

F 

29.90 

30  40 

1  177 

1  197 

G 

10.67 

11.18 

0420 

0  440 

H 

533 

5.59 

0.210 

0720 

J 

1664 

17.15 

0.655 

0  675 

K 

11.18 

12  19 

0  440 

0480 

0 

3.84 

4.09 

0.151 

0.161 

n 

26.67 

Collector  Conner 
CASE  11 
(T03 

ed  10  cue. 
01 

1 
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2N6383,  2N6384,  2N6385,  NPN,  2N6648,  2N6649,  2IM6650,  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherw.se  noted) 


Symbol  Min 


Characteristic 


OFF  CHARACTERISTICS 


•Collector-Emitter  Sustaining  Voltage  11) 
(lc  -  200mAdc.  IB  =0) 

2N6383.  2N6648 
2N6384,  2N6649 

VcEO(sus) 

40 
60 

Vdc 

2N638S.  2N6650 

80 

Collector  Cutolf  Current 
IVCE  =  Rated  Valuel 

ICEO 

1.0 

mAdc 

•Collector  Cutolf  Current 

IVCE  ■  Rated  VCEOlsus)  Value,  VBE(off)  = 
(VCE  =  Rated  VcEOIsusI  Value.  VBE(otf|  - 

1.5  Vdcl 

1.5  Vdc.  TC-  150°C) 

ICEV 

0.3 
3.0 

mAdc 

•Emitter  Cutoff  Current 

lEBO 

( VEg  -  5.0  Vdc,  lc  -  0) 

Collector-Emitter  Sustaining  Voltage  11 ) 

vCER(susl 

Vdc 

IRBE  =  100  11.  lc  -  200  mAI 

2N6383.  2N6648 

40 

2N6384.  2N6649 
2N6385,  2N6650 

60 
80 



Collector-Emitter  Sustaining  Voltage  (1 ) 
IVBEloff)  -  1.6V.  Ic-  200  mAI 

2N6383.  2N6648 

VcEVIsus) 

40 

Vdc 

2N6384,  2N6649 
2N6385.  2N6650 

60 
80 

ON  CHARACTERISTICS  (II 


•DC  Current  Gam 
(lC  =  5.0  Adc.Vc 
[lc  =  10Adc,  VC| 


•  3.0  Vdcl 
=  3.0  Vdcl 


nFE 


1000 
100 


0,000 


*Collector-Emitter  Saturation  Voltage 
lie  -  5.0  Adc,  lB  '  0.01  Add 
HC  -  10  Adc,  lB  -0.1  Adc) 


vCE(sat) 


2.0 
3.0 


•Base-Emitter  On  Voltage 

(lc  =  5.0  Adc,  VC£  -  3.0  Vdc) 
llC'  10  Adc.  VCE-   3.0  Vdc) 


Diode  Forward  Vol 
llF  -  10  Add 


vBEIon) 


2.8 
4.5 


•DYNAMIC 


ICS 




Output  Capacitance 

(VCB  =  10  Vdc,  lE  =0,  ftest  =  1.0  MHz) 

 1 

200 

Cob 

pF 

•Magnitude  of  Common-Emitter  Small-Signal  Short-< 
Current  Transfer  Ratio 

(lC  =  1.0  Adc,  VCE  =  5.0  Vdc.  f  -  1.0  MHz) 

:ircuit 

m,ei 

20 

Common  Emitter  Small-Signal  Short-Circuit  Forwar 
Current  Transfer  Ratio 

(lC=1.0Adc.  VCE  =  5.0  Vdc,  f  =  1.0  kHz) 

"fe 

1000 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base-Forward  Biased 

'S/B 

See  Figures  8  and  9 

Second  Breakdown  Energy  with  Base  Reverse-Biased 

IL  -  12  mH,  RBE  =  100  11,  VBE(off)  -  '  5  vdC  lc  =  4.5  Adc) 

Es/b 

120 

mJ 

(11    Pulse  Test:  Pulse  Width  -  300  ns,  Duty  Cycle  <  2%. 
JEDEC  Registered  Data. 


3-234 


2N6383, 2N6384,  2N6385,  NPN,  2N6648,  2N6649,  2N6650,  PNP 
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2N6383,  2N6384,  2N6385,  NPN,  2N6648,  2N6649,  2N6650,  PNP 


FIGURE  7  -  THERMAL  RESPONSE 


D  CURVES  APPLY  FOR  POWER 
PULSE  TRAIN  SHOWN 
READ  TIME  ATn 
THpk|-TC  =  P<pk|0JC<l> 


DUTY  CYCLE,  0  =  li/t2 


3.0         5.0     7.0  10 

t.TIMEImi) 


There  are  two  limitations  on  the  power  handling  ability  of 
a  transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  lc_vCE  I'rnits  of 
the  transistor  that  must  be  observed  for  reliable  operation; 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipation 
than  the  curves  indicate. 

The  data  of  Figure  8  is  based  on  Tc  =  25°C;  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown  pulse 
limits  are  valid  for  duty  cycles  to  10%  but  must  be  derated 

FORWARD  BIASED  SAFE 

FIGURE  8  -  TC  -  25°C 


for  temperature. 

"Tj(pk)  may  be  calculated  from  the  data  in  Figure  7.  At 
high  case  temperatures,  see  Figure  9,  thermal  limitations  will 
reduce  the  current  that  can  be  handled  to  values  less  than 
the  limitations  imposed  by  second  breakdown.  Second  break- 
down limitations  do  derate  the  same  as  thermal  limitations. 
Allowable  current  at  the  voltages  shown  on  Figure  8  may  be 
found  at  any  case  temperature  by  derating  linearly  to  200°C. 


OPERATING  AREA 


100°C 


10  20 
Vqe,  COLLECTOR-TO-EMITTER  VOLTAGE  (VOLTS) 


BONDING  WIRE  LIMITED 
THERMAL  LIMITATION     2N6384. 2N6649- 
AT  Tc  -  100°C   2N6385,  2N6650  H 

III  l_  ' 


20  50 
ER  VOLTAGE  (VOLTS) 


FIGURE  10  -  CE  DIODE  CHARACTERISTICS 


0.2  0.5  1  2 

If,  DIODE  FORWARD  CURRENT  (AMPS) 
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® 


2N6386 
2N6387 


PLASTIC  MEDIUM-POWER 
SILICON  TRANSISTORS 

. . .  designed  for  general-purpose  amplifier  and  low-speed  switching 
applications. 

•  High  DC  Current  Gain  — 

hFE  T  2500  (Typ)  @  lc  =  4.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  -  @  100  mAdc 

VCEO(sus)  =  40  Vdc  (Min)  -  2N6386 
=  60  Vdc  (Min)  -  2N6387 
=   80  Vdc  (Min)  -2N6388 

•  Low  Collector-Emitter  Saturation  Voltage  — 

vCE(sat)    =  2  0  Vdc  <Max>  @  >C  =  3.0  Adc  -  2N6386 
«  2.0  Vdc  (Max)  @  lC  =  5.0  Adc  -  2N6387, 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistors 

•  TO-220AB  Compact  Package 

•  TO-66  Leadform  Also  Available 



DARLINGTON 
8  AND  10  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

40-60-80  VOLTS 
65  WATTS 


•MAXIMUM  RATINGS 
r7^ 


Collector-Emitter  Voltage 
Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 
Peak 


Total  Power  Dissipation  fl 
Derate  above  25°C 


Tc  =  25°C 


Total  Power  Dissipation  @  Jf.  =  25°C 


ating  and  Storage  Junction, 
Temperature  Range 


Symbol 


vCEO 


VEB 


Pd 


TJ.  Tstg 


2N6386      2N63S7  2N638B 


8.0 
15 


10 
15 


10 
15 


-  65  - 
-0.52- 


-  2.0  - 
-0.016- 


--65  to +150- 


Watts 
W/°C 


Watts 
W/°C 


°c 


THERMAL  CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R<)JC 

1.92 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R8JA 

62.5 

°c/w 

FIGURE  1  -  POWER  DERATING 


5:  2.0  40 


£  1.0  20 


80        100        120        140  160 


T.TEMPERATU 


2  COLIECTOB 

3  EMITTtR 

4  COLLECTOR 


MOTES 

1  OIMENS10N  H  APPLIES  TO  All  LEADS 

2  DIMENSION  L  APPLIES  TO  l£ADS  1 
AND  3 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

15.75 

0  575 

0.620 

B 

965 

10  29 

0  380 

0  405 

C 

406 

482 

0  160 

0  190 

D 

064 

0.89 

0  025 

0  035 

F 

361 

373 

0.142 

0  147 

G 

241 

2.67 

0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  155 

J 

036 

0.56 

0  014 

0  022 

K 

12  70 

14.27 

0  500 

0  562 

L 

1.14 

1  39 

0.045 

0  055 

N 

483 

5.33 

0  190 

0210 

Q 

2  54 

304 

0  100 

0  120 

R 

2  04 

279 

0  080 

0110 

S 

1  14 

1  39 

0  045 

0  055 

T 

597 

6  48 

0  235 

0  255 

U 

000 

1.27 

0  000 

0.050 

V 

1.14 

0  045 

z 

2.03 

0  080 

CASE  221A-02 
TO-220AB 
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2N6386  2N6387  2N6388  NPN 


♦ELECTRICAL  CHARACTERISTICS  (Tc  ■  25°C  unlet,  otherwise  noted) 


I        Symbol        I      *■        I  |" 


Characteristic 


OFF  CHARACTERISTICS 


Itaged) 


Collector-Emitter  Sustaining  Vol' 
(lC  -  200  mAdc.  IB  -  0) 


2N6386 
2N6387 
2N6388 


VcEO(tut) 


40 

60 
80 


Collector  Cutoff  Current 
(VCE-40  Vdc.  lB-0) 
(VCE  -60  Vdc,  lB  =0) 
(VCE-80Vdc,  lB-0) 


'CEO 


mAdc 


2N6387 


1.0 
1.0 
1.0 


Collector  Cutoff  Current 

(VCE  -  40  Vdc.  VEB(off)  =  1.5  Vdc) 
(VCE  -  60  Vdc.  VEB(off )  =  1 .5  Vdc) 
(VCE  -  80  Vdc.  VEB(otf)  -  1.5  Vdc) 
(VCE  =  40  Vdc,  VEB(off )  =  1 .5  Vdc,  TC  • 
(VCE  •  60  Vdc.  VEB(0ff)  =  1 .5  Vdc.  Tc  ■ 
(VCE  -  80  Vdc.  VEB(off )  °  1 .5  Vdc.  TC  ■ 


ICEX 


MAdc 


Emitter  Cutoff  Current 
(VBE  ■=  5.0  Vdc,  lc  -0) 


2N6387 
2N6388 
125°C) 2N6386 
125°C)2N6387 
125°C)2N6388 


300 
300 
300 
3.0 
3.0 
3.0 


■I  BO 


5.0 


 1  


ON  CHARACTERISTICS  (1) 


T  


DC  Current  Gain 

(lC  "  3.0  Adc.  VCE  =  3  0  Vdc) 
(lC-5.0Adc,VCE«3.0Vdc) 
(lc-8.0Adc,VCE-3.0Vdc) 
dc=10Adc,  VCE-3.0Vdc) 


2N6387,  2N6388 




2N6386 

2N6387,  2N6388 
2N6386 


nFE 


1000 
1000 
100 
100 


20000 


Collector-Emitter  Saturation  Voltage 
(lC  -  30  Adc,  lB  =  0.006  Adc) 
DC  -  5.0  Adc,  lB  -  0.01  Adc) 
(lC  -  8.0  Adc.  IB  -  0.08  Adc) 
(lC  -  10  Adc,  lB  =  0.1  Adc) 


VcE(sat) 


2.0 
2.0 
3.0 
3.0 


Base-Emitter  On  Voltage 

llc  "  3.0  Adc,  VCE  •  3.0  Vdc) 
llC  -  5.0  Adc,  VCE  =  3.0  Vdc) 
(lC  -  8.0  Adc,  VCE  -  3.0  Vdc) 
tlC"  10  Adc,  VCE  =3.0  Vdc) 


2N6386 

2N6387,  2N6388 


vBE(on) 


2N6387,  2N6388 


2.8 
2.8 
4.5 
4.5 


DYNAMIC  CHARACTERISTICS 


Small-Signal  Current  Gain 

»C  *  10  Adc,  VCE  °  5.0  Vdc,  ftest  -  1.0  MHzl 





Ihfel 


 — 


Output  Capacitance 

<VCB  =  10  Vdc,  Ie  =  0,  f  =  1.0  MHz) 


PF 


Small -Signal  Current  Gain 

<IC=  10  Adc,  VCE  =  5.0  Vdc,  f  =  1.0  kHz) 


hfe 


1000 


*  Indicates  JEDEC  Registered  Data 

(1 )  Pulse  Test:  Pulse  Width  <  300  n%.  Duty  Cycle  <  2.0%. 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 

♦30V 

Hr  &  Rc  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
Di.  MUST  BE  FAST  RECOVERY  TYPES, 


FIGURE  3  -  SWITCHING  TIMES 


ir.  ti  *  to  r» 

OUTY  CYCLE  =  1.DN 


OUTY  CYCLE  =  1.0% 


3  1.0 
1  0.7 


VCC  =  30V 
IC/lB  "  "0 
'Bl  - lB2 
T,  -  2S°C 


0.2 


5.0 


If,  COLLECTOR  CURRENT  (AMPS) 
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2N6386  2N6387  2N6388  NPN 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  -  ACTIVE  I 


VCE,  COLLECTOR -EMITTER  VOLTAGE  (VOLTS) 


SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  -  Vqe  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tjjpk)  =  150°C;  Jq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pi(j  <  150°C.  Tj(pj<)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
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® 


2N6436 
2N6437 
2N6438 


HIGH-POWER 


PNP  SILICON 


...designed  for  use  in  industrial-military 
switching  circuit  applications. 

•  High  Collector-Emitter  Sustaining  Voltage  - 

VCEO(sus)  =  80  Vdc  (Min)  -  2N6436 
=  100  Vdc  (Min)  -  2N6437 
=  120  Vdc  (Min)  -  2N6438 

•  High  DC  Current  Gain - 

hFE  =  20-80  <§>lc=  10Adc 
=  12  (Min)  @  lc  =  25  Adc 

•  Low  Collector-Emitter  Saturation  Voltage  — 

VcE(sat)  "  10  Vdc  (Max)  @  Iq  *  10  Adc 

•  Fast  Switching  Times  @  \q  =  10  Adc 

tr  =  0.3us(Max) 
ts=  1.0  us  (Max) 
tf  =  0.25  us  (Max) 

•  Complement  to  NPN  2N6338  thru  2N6341 


25  AMPERE 
POWER  TRANSISTORS 
PNP  SILICON 

80. 100,  120  VOLTS 
200  WATTS 


•MAXIMUM  RATINGS 


Rating 


Collector-Base  Voltage 


Collector-Emitter  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Base  Current 


Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol  2N6436 


VCB 


vCEO 


VEB 


Tj.Ts, 


2IM6437  2N6438 


25 
50 


-  200  - 
-1.14- 


-65  to  +200- 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Symbol 


"JC 


•Indicates  JEDEC  Registered  Data. 





°C/W 


200 

_  "5 

<  150 
-: 

§  125 

i— 

< 

ra 

a:  75 
1 

2  50 
a 

25 
0 

FIGURE  1  -  POWER  DERATING 

25        50         75        100        125       150        175  200 

Tc.  CASE  TEMPERATURE  (°C) 
 1 

A  - 
-  B 


 F  

r J^ 

H 

STYLE  1 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

U 

2.54 

3.05 

0.100 

0.120 

CASE  1-04 


NOTES: 

1.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
REFERENCED  T0-3  OUTLINE  SHALL  APPLY. 
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,  2N6438 


•ELECTR 


ICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted! 


1      Min  |        M.«         |  Un 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
(lc-50mAdc,  lB  =  0) 





2N6437 
2N6438 


VCEOIsusI 


100 
120 


Collector  Cutoff  Current 
(VCE-  40  Vdc,  lB  -  01 
(VcE-50Vdc.  IB  =  0) 
VCE  °  60  Vdc,  l8  ■  0) 


2N6436 
2N6437 


'CEO 


— 


- 


50 
50 
50 


lector  Cutoff  Current 
(VCE  •  SO  Vdc.  VBE(offl  -  -1.5  Vdcl 
IVCE  -  110  Vdc.  VBE(offl  =  -15  Vdc) 
IVCE  -  130  Vdc.  VBE|ot()  -  -1.5  Vdc) 
(VCE  -  80  Vdc.  VBE(I)„|  -  -1.5  Vdc. 
Tc=  150°CI 

IVCE-  100  Vdc,  VBE|off|  =-1.5  Vdc. 
TC-  150°C) 

(VCE  =  120  Vdc,  VBE(off|  -  -1.5  Vdc, 
Tc=  150°C) 


'CEX 


2N6438 
2N6436 


2N6437 
2N6438 


10 
10 
10 
1.0 

1.0 

1.0 


Collector  Cutoff  Current 
IVCB  =  100  Vdc,  lE  =  0) 
IVCB  -  120  Vdc.  IE  -  0) 
IVCB  -  140  Vdc.  IE  -0) 


'C80 


2N6437 
2N6438 


10 
10 
10 


Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc.  IC  -0) 


lEBO 


ON  CHARACTERISTICS 


DC  Current  Gain  (1) 
He  -  0.5  Adc,  VCE  -  2.0  Vdc) 
llc  =  10  Adc,  VCE-  2.0  Vdcl 
llc  =  25  Adc,  VCE  "  2.0  Vdcl 


Collector-Emitter  Saturation  Voltage  (1) 
IIC=  10Adc.lB  =  1.0  Adc) 
(IC  -  25  Adc.  1B  =  2.5  Add 


nF  E 


30 
20 
12 


vCE(satl 


1.0 
1.8 


Base-Emitter  Saturation  Voltage  ( 1 ) 
<IC«  10  Adc.  IB  -  1.0  Adc) 
(lc  =  25  Adc,  lB  =  2.5  Adc) 


vBE(sat) 


1.8 
2.5 


Current-Gain  —  Bandwidth  Product 

(IC  -  1.0  Adc,  VCE  -  10  Vdc,  ftes,  =  10  MHz) 

»T 

40 

MHz 

Output  Capacitance 

I VCE  -  10  Vdc,  lE  =  0.  f  =  100  kHz) 

Cob 

700 

pF 

HING  CHARACTERISTICS 


_ 


IVCC  =  80  Vdc.  IC-  10  A.  VBE|of„  =6.0  Vdc.  IB1  =  1.0* 


Storage 

IVCC  =  80  Vdc,  lc  =  10  A,  VBE(of(l  ■ 


Fall  Time 

IVCc  =  80Vdc.lc-  10A,VBE(off)  =6.0  Vdc,  lB,  =IB2=  1.0  Adc) 

•Indicates  JED  EC  Registered  Data. 
II)  Pulse  Test:  Pulse  Width  <300  us;  Duty' 

FIGURE  2-  SWITCHING  TIME  TEST  CI 


0.25 


.0V- 
0- 


-11  V 
10  us 


FIGURE  3  -  TURN-ON  TIME 


tr.  tf  <;  10  ns 
Duty  Cycle  0.0%  "i" 

-5.0  V 

Note:  For  information  on  Figures  3  and  6,  Rn.  and  Rc  were 


1.0 

0.7 

0.5 

S  0.3 

1  0.2 
i- 

0.1 
0.07 
0.05 


5 

td»VBE(off)-6.0V 

Vcc  -  81 
IC/lB  =  1 

V  " 

- 

S 

Tj  =  25°C 

0.5    0.7  1.0 


2.0  3.0  5.0  7.0  1 
|Q,  COLLECTOR  CURRENT  (AMP) 
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2N6436,  2N6437,  2IS16438 


FIGURE  4  -  THERMAL  RESPONSE 


0.02  0.03  0.05 


0.2    0  3      0.5        1  0         2.0    3.0  5.0 
t,  TIME  Irml 


500  1000 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


5.0    7.0    10  20     30       50     70  100 

VCE'  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  I  c*vCE  ,tm'ts  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  200°C;  Jq  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk(  ^  200°C  Tj(pk|  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  6  -  TURN-OFF  TIME  FIGURE  7  -  CAPACITANCE 


IC,  COLLECTOR  CURRENT  (AMP)  Vr,  REVERSE  VOLTAGE  (VOLTS) 
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2N6436,  2N6437,  2N6438 


FIGURE  8  —  DC  CURRENT  GAIN 
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Vce  =  2.0V 
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VCE  »  4  0  V 
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IC,  COLLECTOR  CURRENT  (AMP) 
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FIGURE  9  -  COLLECTOR  SATURATION  REGION 
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FIGURE  10  -  "ON"  VOLTAGE 
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3-10 

/ 

N=t= 

!E(5>Vc 

2.0  V 

1 

1 

VCE(»I)WIC"B-  lu 

-1     1    1   1  III  - 

IC.  COLLECTOR  CURRENT  (AMP) 


1.0  2.0     3.0       5.0    7.0  10 

IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  12  -  COLLECTOR  CUT-OFF  REGION 


FIGURE  13  -  BASE  CUT-OFF  REGION 


+0.2        +0.1  0  -0.1         -0.2         -0.3         -0.4  -0.5 

VBE.  BASE-EMITTER  VOLTAGE  (VOLTS) 


10° 


'  10-' 
10-2 

'  10"3 
10-4 


 Vce  =  40V  

-Tj  =  - 

150°C 

100°C 

►25°C  - 

- — l^v 

—  HfcVLHSL - 

,   F-QRwARD  

1 

1  1 

+0.16  +0.08 


-0.08 


VBE.  BASE-EMITTER  VOLTAGE  (VOLTS) 


-0.16  -0.24 
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® 


2N6486  2N6487  2N6488  npn 
2N6489  2N6490  2N6491  pnp 


 — ■  

COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTORS 

.  .  .  designed  for  use  in  general-purpose  amplifier  and  switching 
applications. 

•  DC  Current  Gain  Specified  to  1 5  Amperes 

hpE  =  20-1 50  @  lc  =  5.0  Adc 
=  5.0  (Min)  @  lc=  15  Adc 

•  Collector-Emitter  Sustaining  Voltage  — 

VCEO  (sus)  =  4°  Vdc  (Min)  -  2N6486,  2N6489 
=  60  Vdc  (Min)  -  2N6487,  2N6490 
=  80  Vdc  (Mini  -  2N6488,  2N6491 

•  High  Current  Gain  -  Bandwidth  Product 

fT  =  5.0MHz(Min)@lC  =  1 .0  Adc 

•  TO-220AB  Compact  Package 

•  TO-66  Leadform  Also  Available 





15  AMPERE 


COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 


40-60-80  VOLTS 
75  WATTS 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 


Base  Current 


Total  Power  Dissipation 
®  Tc  -  25°C 
Derate  above  25°C 


"otal  Power  Dissipation 
STA-  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


VCEO 


VCB 


2N6486 
2N6489 


2N6487 
2N6490 


60 


2N6488 
2N6491 


5.0" 


•  75  - 
0.6 


Watts 
W/°C 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

RflJC 

1.67 

°c/w 

Thermal  Resistance,  Junction  to  Ambient 

R«JA 

70 

°C/W 

•Indicates  JEDEC  Registered  Data 


TA  tc 

FIGURE  1  -  POWER  DERATING 

PD,  POWER  DISSIPATION  (WATTS) 

TA 

0          20        40         SO         80        100  I 
TC,  CASE  TEMPERATURE  l°C) 

0        140  160 

STYLE  I: 

PIN  1  BASE  .«0TES 

2  COLLECTOR       1  DIMENSION  H  APPLIES  TO  ALL  LEADS 

3  EMITTER  2  DIMENSION  L  APPLIES  TO  LEADS  1 

4  COLLECTOR  AND  3 


DIM 

MILLIMETERS 

INCHES 

Mm 

MAX 

min 

MAX 

A 

14  60 

15  75 

0  575 

0  620 

1 

9  65 

10  29 

0  380 

0  405 

c 

4  06 

4  62 

0  160 

0  190 

D 

064 

D  89 

0  025 

;;  03j 

F 

361 

3  73 

0  142 

0  147 

G 

2  41 

267 

0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  155 

J 

0  36 

0  56 

0014 

0  022 

K 

12  70 

1427 

0  500 

0  562 

L 

1  14 

1  39 

0045 

0  055 

N 

483 

5  33 

0  190 

0210 

0 

254 

3  04 

0100 

0  120 

II 

204 

2  79 

0  080 

0.110 

S 

1.14 

1  39 

0  045 

0055 

T 

5.97 

6  48 

0  235 

0  255 

U 

0  00 

1  27 

0  000 

0  050 

V 

114 

0045 

z 

2  03 

0  080 

CASE  221A-02 
TO-220AB 
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2N6486  2N6487  2N6488  NPN 
2N6489  2N6490  2N6491  PNP 


•ELECTRICAL  CHARACTERISTICS  (Tc  ■ 


otherwise  noted.) 


Characteristic 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1 ) 
(lc  =  200  mAdc.  lB-0) 


2N6486.  2N6489 
2N6487.  2N6490 
2N6488,  2N6491 


VcEO(sus) 


40 
60 


Collector-Emitter  Sustaining  Voltage  (1) 
(IC  =  200  mAdc,  VBE- 1.5  Vdc) 


2N6486.  2N6489 
2N6487,  2N6490 
2N6488.  2N6491 


VCEX 


50 
70 
90 


Collector  Cutoff  Current 
(VCE  -  20  Vdc,  lB  -01 
(VCE-30  Vdc,  lB  =  0) 
(VCE  -40  Vdc,  lB  -  0) 


2N6486,  2N6489 
2N6487,  2N6490 
2N6488,  2N6491 


'CEO 


Collector  Cutoff  Current 

(VCE  -  45  Vdc,  VEB(off)  -  1 .5  Vdc) 
(VCE  -  65  Vdc,  VEB(off)  -  1 .5  Vdc) 
(VCE  -  85  Vdc.  VEB(0)f)  =  1 .5  Vdc) 
(VCE  -  40  Vdc,  VEB(off)  =  1 .5  Vdc,  Tc  ■ 
(VCE  -  60  Vdc,  VEB(off)  =  1 .5  Vdc.  TC  ■ 


2N6486,  2N6489 
2N6487.  2N6490 
2N6488,  2N6491 
1 50°CI  2N6486,  2  N6489 
150°CI  2N6487,  2N6490 


'CEX 


(Vce  =  80  Vdc.  VEB(off|  =  1 .5  Vdc,  TC  -  1 50°CI  2N6488.  2N6491 


500 
500 
500 
5.0 
5.0 
5.0 


Emitter  Cutoff  Current 
IVBE-5.0Vdc,  lc  = 


!EBO 


ON  CHARACTERISTICS 


DC  Current  Gain 

(IC  -  5.0  Adc,  VcE 
(IC-15Adc.VCE' 


■  4.0  Vdc) 
4.0  Vdc) 


nFE 


20 
5.0 


Collector-Emitter  Saturation  Voltage 
(lc  -  5.0  Adc.  IB  -0.5  Adc) 
(lC-15Adc,  lB  =  5.0Adc) 


vCE(sat) 


1.3 
3.5 


Base-Emitter  On  Voltage 

(IC  ■  5.0  Adc,  VCE  -  4.0  Vdc) 
dC  =  15  Adc,  VqE  =  4.0  Vdc) 


VBE, 


(on) 


1.3 
3.5 


DYNAMIC  CHARACTERISTICS 


Current  Gain  —  Bandwidth  Product  (2) 
(lc  °  10  Adc,  VCE  -4.0  V( 


Smalt-Signal  Current  Gain 
Hc  =  1.0Adc,VCE-4. 


•Indicates  JEDEC  Registered 
(DPulseTest:  Pulse  Width  <. 
(2)fT  -  lhfe|  .  ftea. 





'T 


h)e  25 



FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 

,25  M. 


FIGURE  3  -  TURN-ON  TIME 


+  30  V 


tr,  tf  <  10  ns 

Duty  Cycle  =  1.0%  -4  V  ~ 

RB  and  Rc  varied  to  obtain  desired  current  levels. 
For  PNP  reverse  all  polarities. 

D1  must  be  fast  recovery  type,  e.g.; 
MBD5300  used  above  lB  =  100  mA 
MSD6100  used  below  lB  =  100  mA 
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2N6486  2N6487  2N6488  NPN 
2N6489  2N6490  2N6491  PNP 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


4.0  10  20  40 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Ic  ^CE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p^j  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  <  150°C.  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  t 
s  imposed  by  s 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCES 


0.5  I.O  2.0  5  0 

lC.  COLLECTOR  CURRENT  [AMPI 


1 000 
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2N6486  2N6487  2N6488  NPN 
2N6489  2N6490  2N6491  PNP 


NPN 

2N6486.  2N6487,  2N6488 


PNP 

2N6489,  2N6490,  2N6491 


FIGURE  8  —  DC  CURRENT  GAIN 
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® 


2N6497 
2N6498 
2N6499 


HIGH  VOLTAGE  NPN  SILICON  POWER  TRANSISTORS 

' '  '  designed  for  high  voltage  inverters,  switching  regulators  and  line- 
operated  amplifier  applications.  Especially  well  suited  for  switching 
power  supply  applications. 


•  High  Collector-Emitter  Sustaining  Voltage  - 

vCEO(susl  =  250  Vdc  (Min)  -  2N6497 
=  300  Vdc  (Mini  -  2N6498 
=  350  Vdc  (Min)  -  2N6499 

•  Excellent  DC  Current  Gain  - 

hFE=  10-  75@  lc  =  2.5  Adc 

•  Low  Collector-Emitter  Saturation  Voltage  @  Iq  =  2.5  Adc 

VcE(sat)  -  1  0  Vdc  (Max|  -  2N6497 
=  1.25  Vdc  (Max)  -  2N6498 
=  1.8  Vdc  (Max)  -  2N6499 


5  AMPERE 
POWER  TRANSISTORS 
NPN  SILICON 

250.  300.  360  VOLTS 
80  WATTS 





'MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector 


Base  Voltage 


Emitter  Base  Voltage 


Collector  Current  -  Continuous 
-  Peak 


Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 


ing  and  Storage  Junction 
ire  Range 


ERMAL  CHARACTERISTICS 


Symbol  2N6497 


vCE0 


TJTstg 


2N6498  2N6499 


5.0 
10 


Watts 
W/°C 


°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistanc 

e,  Junction  to  Case 



R,JC 

,56 

°C/W 

•Indicates  JEDEC 

Registered  Data 



STYLE  1 

PIN  t.  BASE 

2  COLLECTOR 

3.  EMITTER 

4  COLLECTOR 


DIM 

MILLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14.60 

15  75 

0  575 

0620 

B 

966 

1029 

0  380 

0  405 

C 

4  06 

4.82 

0  160 

0  190 

D 

0  64 

089 

0  025 

0  035 

F 

361 

373 

0  ,42 

0  147 

G 

241 

2  67 

0  095 

0  105 

H 

2  79 

3  93 

0  1,0 

0  155 

J 

0  36 

056 

00,4 

0022 

K 

12  70 

14.27 

0  500 

0  562 

L 

,14 

,39 

0  045 

0055 

N 

4  83 

5  33 

0  190 

0  2,0 

Q 

2  54 

3  04 

0  100 

0  120 

R 

204 

2.79 

0  080 

0  110 

S 

U4 

,39 

0  045 

0  055 

T 

597 

648 

0  235 

0  255 

U 

0  00 

1  27 

0  000 

0050 

V 

1  14 

0045 

z 

203 

0.080 

CASE  22, A  02 
TO220AB 
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,  2N6499 


•ELECTRICAL  CHARACTERISTICS  <TC 

|  Characteristic 


=  25°C 


unless  otherwise  noted.) 


|     Symbol  " 


OFF 


CHARACTER  ISTI 

ctor-Emitter  Sustai 


ICS 


Collector-Emitter  Sustaining  Voltage  111 
llc-  25mAdc.  IB-  01 


vCEOIsusl 

2NM98 
2N6499 


250 
300 
350 


Collector  Cutoff  Current 

IVCE  =  350  Vdc.  VBE(o(tl  ■  1  5  Vdc)  2N6497 

I VCE  -  400  Vdc,  VBE(o))|  -1.5  Vdcl  2N6498 

(VCE  =  450  Vdc.  VBE|olf)  -  16  Vdcl  2N6499 

(VcE  f  175  Vdc,  VBEIo(f)  -  1.5  Vdc.  Tc  *  100°CI  2N6497 

IVCE  =  200  Vdc,  VBE(of,)  -  15  Vdc,  Tc  -  100°CI  2N6498 

IVCE  -  225  Vdc,  VBE|off)  -  1  5  Vdc,  Tc  =  100°CI  2N6499 


>CEX 


1.0 
1.0 
10 
10 
10 
10 


Emitter  Cutoff  Current 
(VBE  =  6.0  Vdc,  lc  ! 


01 


'ebo 


ON  CHARACTERISTICS  (11 


DC  Current  Gain 

(lc  "  2.5  Adc.  Vce  "  10  Vdcl 
HC  ■  5.0  Adc.  VCE  =10  Vdcl 

"FE 

10 

3  0 

75 

Collector-Emitter  Saturation  Voltage 
<lc  =  2.5Adc.  tB=500mAdc) 

(lc=  5.0  Adc,  lB  -  2.0  Adcl 

2N6497 
2N6498 
2N6499 

All  Devices 

vCE(satl 

1.0 
1.25 
15 

5.0 

Vdc 

Base-Emitter  Saturation  Voltage 
tlC  »  2.5  Adc.  IB  -  500  mAdcl 
He  -  5.0  Adc.  IB  -  2.0  Adcl 

VBEIsatl 

1.5 
2.5 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain— Bandwidth  Pri 
He  =  250  mAdc.  VCe  -  '0 


Output  Capacitance 

IVCB  -  10  Vdc.  IE  -  0.  f  -  100  kHzl 


Cob 


SWITCHING  CHARACTERISTICS 


Rise  Time 

(VCC  =  125  Vdc,  IC  -  2  5  Adc.  IB,  -  0.5  Adcl 

'r 

0  4 

1.0 

US 

Storage  Time 

IVCC=  125  Vdc,  IC=  2.5  Adc.  VBE  =  5.0  Vdc.  lBi  =  lB2  =  0.5  Adcl 

's 

1.4 

2.5 

MS 

Fall  Time 

(Vce  -  125  Vdc.  IC-  2.5  Adc.  IBI  -  lB2-  0.5  Adcl 

'1 

0.45 

1.0 

MS 

.2.0. 


'Indicates  JEDEC  Registered  Data. 
(II  Pulse  Test :  Pulse  Width  < 300 ms,  Duty  Cycle 


FIGURE  1  -  SWITCHING  TIME  TEST  CIRCUIT 


FIGURE  2  -  TURN-ON  TIME 


•  II  V 

-9  0  V 


I,.  11*10  n. 
DUTY  CYCLE  -  1.0* 


6  i 

-  5  .0  V 

BB  and  Be  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 

D|  MUST  BE  FAST  RECOVEBY  TYPE,  eg 
MBD5300  USED  ABOVE  lB  «I00  niA 
MSO6I00  USED  BELOW  lB  «I00  mA 


0.0 1  L 

0.05  0  0?  01 


0.2  0.3  0.5  0  7  1.0 
IC.  COLLECTOR  CURRENT  (AMP| 
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2N6497,  2N6498.  2N6499 


FIGURE  4  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


20  30  50  70  tOO  200 
VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  >£  -  V£E  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figure  4  is  based  on  Tq  =  25°C;  Tj/p^j  is 
variable  depending  on  power  level.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tjjp^j  <  1  50°C.  Tj(p|<| 
may  be  calculated  from  the  data  in  Figure  3.  At  high  case  temp- 
eratures, thermal  limitations  will  reduce  the  power  that  can  be 
handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown.  Second  breakdown  limitations  do  not  derate  the  same 
,  Allowable  current  at  the  voltages  shown 
i  found  at  any  case  temperature  by  using  the 
appropriate  curve  on  Figure  6. 
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2N6497,  2N6498,  2IS16499 


FIGURE  7  —  DC  CURRENT  GAIN  FIGURE  8  -  COLLECTOR  SATURATION  REGION 


FIGURE  9  -  "ON"  VOLTAGES  FIGURE  10  -  TEMPERATURE  COEFFICIENTS 
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2N6542 

(M)  motorola 


esiyin'i's  Data  Shoot 




SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  devices  are  designed  for  high-voltage,  high-speed,  power  switch- 
ing inductive  circuits  where  fall  time  is  critical.  They  are  particularly 
suited  for  115  and  220  volt  line  operated  SWITCHMODE  applica- 
tions such  as: 

•  Switching  Regulators 

•  PWM  Inverters  and  Motor  Controls 

•  Solenoid  and  Relay  Drivers 

•  Deflection  Circuits 
Specification  Features  - 

ure  Performance  Specified  for: 
i  SOA  with  Inductive  Loads  O- 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


High  Ti 


•MAXIMUM  RATINGS 

Rating 

Symbol 

2N6542 

2N6543 

Unit 

Collector-Emitter  Voltage 

vCEOIsus) 

300 

4  00 

Vdc 

Collector-Emitter  Voltage 

vCEX(sus) 

350 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

650 

850 

Vdc 

Emitter  Base  Voltage 

veb 

8.0 

Vdc 

Collector  Current  -  Continuous 
-  Peak  111 

'c 

'CM 

5.0 
10 

Adc 

Base  Current  -  Continuous 
-  Peak  (11 

ib 

IBM 

5.0 
10 

Adc 

Emitter  Current  -  Continuous 
-  Peak  111 

>E 

iem 

10 

20 

Adc 

Total  Power  Dissipation  @  Tq  =  25°C 
@TC=  100°C 

Derate  above  25°C 

pD 

100 

57.2 
057 

Watts 

w/°c 



Operating  and  Storage  Junction 

TJTstg 

-65  to  *200 

°C 

L  CHARACTE 


5  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

300  and  400  VOLTS 
100  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  —  representing 
device  characteristics  boundaries  — 
are  given  to  facilitate  "worst  case" 
design. 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R9JC 

1  75 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

»c 

'Indicates  JEDEC  Registered  Data 

11 1  Pulse  Test:  Pulse  Width  =  5ms,  Duty  Cycle  s  10%. 

2N6542 
2N6543 


K 

t 

STYLE  I 

PIN  1  BASE 

2  EMITTER 

CASE  COLLECTOR 


NOTES: 

1.  DIMENSIONS  Q  AND  V  ARE  OATUMS. 

2.  GD  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0: 

|  »  1  j13IO.OOS)©  |  T  |  V  <S>  1 

FOR  LEAPS:  

|   »  |  >..3(0.005|@T  |  V©  |  Q®\ 

4.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  Y14.5.  1973. 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

21.08 

□  B30 

C 

6.35 

7.62 

0.250 

.'  300 

D 

0.97 

I  JOS 

0.038 

E 

1.40 

1  7fl 

0  055 

0  070 

f 

30.15  esc 

1. 187  BSC 

G 

10-92  BSC 

0  430  BSC 

H 

5  46  BSC 

0.215  BSC 

J 

IBS 

BSC 

0  665  esc 

K 

IMS 

12.19 

0.440 

0.480 

Q 

3  83 

4,19 

0  150 

0)55 

R 

.'6  67 

USB 

-1- 

0.190 

0210 

* 

0  150 

0.165 

CASE  1-06 
TO-204AA 
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•ELECTRICAL  CHARACTERISTICS  <TC  -  2S°C  unless  otherwise  noted.) 

Ommtmmi                               1        Symbol        |      Min       |        Max         |  Unit 
OFF  CHARACTERISTICS  (11 

Collector-Emmet  Sustaining  Voltage  (Table  2) 

<IC-  100  mA.  IB  =  0)  MJ4400 

MJ4401 

vCE0(sus) 

Vdc 

300 
400 

Collector-Emitter  Sustaining  Voltage  (Table  2,  Figure  121 

llC-  2JS  A,  Vcamp-  Rated  VCEX,TC-  100°CI  MJ440Q 

MJ4401 

(lc»  S.OAdc.  Vdan1p-  Rated  VCEO  -100  V.  MJ4400 
TC  -  100°CI  MJ4401 

VcEXIsusI 

350 
450 
200 
300 

Vdc 

Collector  Cutoff  Current 

IVCEV  '  "ated  Value.  VBE(o(f|  -  1.5  Vdcl 

IVCEV  ■          Value-  vBE(offl  ■  15  Vdc-  TC  "  100°C) 

ICEV 

0.5 
3.0 

mAdc 

Collector  Cutoff  Current 

(VCE  =  Rated  VCEV,  RBE  =  50  li.  Tc  =  100°CI 

ICER 

3.0 

mAdc 

Emitter  Cutoff  Current 

'EBO 

— 

1.0 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  base  forw 
t  =  1.0  s  (non  repetitive!  (VCE  =  100  Vdcl 

ard  biased 

'S/b 

0.2 

(See  Figure  11) 

Adc 

Clamped  Inductive 

SOA  with  base  reverse  biased 

RBSOA 

(See  Figure  12) 

ON  CHARACTERISTICS  11) 

DC  Current  Gain 

llc  ■  1  5  Adc.  VCE  =  2  0  Vdcl 
He  "  3.0Adc.  VCE  =  2.0  Vdcl 

nFE 

12 
70 

60 
35 

Collector-Emitter  Saturation  Voltage 
He  -  3.0  Adc,  lB  -  0.6  Add 
llc  =  S.OAdc.  IB  *  1.0  Add 

vCE(satl 

10 
50 

Vdc 

tlc  =  3.0  Adc.  1 

B  =  0.6  Adc.  TC-  100°CI 

2.0 

Base-Emitter  Saturation  Voltage 
<IC-  3.0  Adc.  IB  "  0.6  Add 

vBE(satl 

1.4 

Vdc 

IIC  -  3.0  Adc.  IB  =  0.6  Adc,  Tc  -  100°C) 

1.4 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

H 

6.0 

28 

MHz 

llc  -  200  mAdc.  VCE  =  10  Vdc.  f,est  -  1  0  MHzl 

Output  Capacitance 

IVCb  =  10  Vdc.  IE  -  0.  f,est  «  1  0  MHzl 

Cob 

50 

200 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  2) 

Delay  Time 

(VCc    250  Vdc.  Ic  3.0 
■B1  *  lB2-0  6A.tp=  IOC 
Duty  Cycle  i.  2.0%l 

A. 

a 



•d 

005 

us 

Rise  Time 

tr 

0  7 

MS 

Storage  Time 

«• 

4  0 

OS 

Fall  Time 

'f 

08 

us 

Inductive  Load.  Clamped  (Table  2) 

Symbol 

Typ 

Max 

Unit 

Storage  Time 

(IC  -  3.0  Alpkl.  Vc,amp  =  Rated  VCEX. 

IB1  =0.6  A.  VBE(of(|  =5.0  Vdc,  TC-  100°CI 

tsv 

4.0 

MS 

Crossover  Time 

«c 

0.6 

OS 

Fall  Time 

'fi 

0.8 

MS 

Storage  Time 

(lC=  3.0  Alpkl,  Vclamp  = 

Rated  VCEX. 

'sv 

0.8 

MS 

Crossover  Time 

lB1  ■0.6A.V8E|ol|]  =  5  0  Vdc,  TC  =  25°CI 

>c 

0.3 

- 

MS 

Fall  Time 

tfi 

0.2 

MS 

•Indicates  JEDEC  Registered  Data 


(1 1  Pulse  Test:  Pulse  Width  =  300  ms,  Duty  Cycle  *  2% 
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DC  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 


0.0b  0.07  0.1  0.2     0.3       0.5    0.?    1.0  2.0     3.0      5  0 

lC.  COLLECTOR  CURRENT  (AMP) 


II 

>25°C- 

J 

ic 

.0 

SA 

0  3  A 

( 

1.5  A  — 

0 

A 

i 

It 

■» 

— 



am 

20        50       10       20         50      100  200 
IB.  BASE  CURRENT  ItnAI 


1.0  k   2.0  k 


FIGURE  3- "ON"  VOLTAGE 


1  4 

1  2 

1  D 

> 

0  3 

< 

0  6 

O 

> 

> 

01 

02 

44 

i~l 

J 

IB 

5.0- 

rr 

VBElonl®V 

CE  "  2.0  V 

VCE(al|3  1c/lB 

■50 

• 

IB 

a** 

if 

lC/l 

'2 

0 

005  0  07  0.1  0  2     03       0  5    0  7    1  0  20     30      5  0 

IC.  COLLECTOR  CURRENT  IAMP) 


FIGURE  4  -  TEMPERATURE  COEFFICIENTS 


'A 

T 

T  1  1  1  

es  lotlc/lB<  hfE/2  0 

1- 

2 

'V 

c 

FOR  Vc 

Elatl 

-55°C  10 

♦2S°C 

-5 

5» 

10  *25 

h 

°c  - 

V 

e. 

FO 

RUBE 

5°C 

to  *15 

3°C 

- 

4 



0  05  0  07    0  1 


0.2     0  3       0.5   0.7  1.0 


2.0     3.0  5.0 


IC.  COLLECTOR  CURRENT  (AMPI 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 


I00 


10-' 




:vCe  = 

1  

250  V 

s 

Tj  :  1S0°C 

_  _  0 





r— - 

25°C- 

I00»C 

75°C  - 

t  -1 

25°C  - 

— 

.  



i^? — 1 

_ 

!  • 

 H1MWAHU   !  1 

1  1 

-0  2  0  -0  2  .0  4  >0  6 

VBE. BASE  EMITTER  VOLTAGE  IVOLTSI 


2000 

1000 
700 
X  500 

a  300 


•j 

25= 

C 

—  Co 

1 — 

30 
20 

0  5      1  0      2.0         5  0       10      20  50      100     200  500 

Vr.  REVERSE  VOLTAGE  (VOLTS) 
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FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


SWITCHING  TIMES  NOTE 


TABLE  1  -  INDUCTIVE  SWITCHING 
PERFORMANCE 


«C 

lC 

<s» 

«rv 

«fi 

«ti 

tc 

(A) 

°C 

MS 

MS 

MS 

MS 

MS 

1.0 

25 

0.70 

0.22 

0.21 

0.23 

0.66 

100 

1.20 

0.37 

0.19 

0.39 

0.95 

3.0 

25 

1.10 

0.09 

0.12 

0.08 

0.29 

100 

1  60 

0.42 

0.19 

0.40 

1.01 

5.0 

25 

1.10 

0.16 

0.19 

0.11 

0.46 

100 

1.70 

0.45 

0.37 

0.26 

1.08 

Note:  Ail  Data  Recorded  in  the  Inductive  Switching 
Circuit  Shown  in  Table  2. 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  *  Voltage  Storage  Time,  90%  Iri  to  10%  Vc|amp 

trv  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfi  =  Current  Fall  Time,  90-10%  lc 

ttj  =  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 
is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=  1/2  VcdcM* 
In  general,  trv  +  tfj  *  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  8  -  TURN-ON  TIME 


FIGURE  9  -  TURN-OFF  TIME 


1.0  k 
700 
500 

|  300 
\  200 

100 
70 
50 

30 
20 


4- 

VCC-  250  V 
IC'lB  =  5.0 
D-25°C 

ti 

— ' 

V 

at 

01 

l 

-  a. i 

0.05  0.1  0.2  0.5  1.0 
IC.  COLLECTOR  CURRENT  IAMPI 


10k 

7.0  k 
5.0  k 

3.0  k 
r  2.0  k 

!  10  k. 
'  700 
500 

300 
200 


0.01  0.02 


VCC  "  250  V 
IC'lB  "  5.0 
IBI = 'B2 
Tj  -  25«C 


0.05     0.1      0.2         0.5      1.0  2.0 
IC.  COLLECTOR  CURRENT  (mAI 
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TABLE  2  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VCEOIiutl 


VcEXIiia)  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


20  n 


PW  Vaned  to  A  nam 
IC  =  100mA 


answer 

Attain  Specified  Peak  Iq. 

Duly  Cvcl.  <  3» 
I  -  1  kHz 



01  2N6408    Q3  2N5875 
Q2  2N6406    04  2NSB77 
Dioon  1N4933 


•ijv 


IC  *3A 
PW*  100j« 
«,  <  5  nt 

If  &  50  ni 

Duty  Cycle  <  2% 


•o.l    80  mH  VCC  =  10  V 
co,i  =  0.7  11 
damp  (Undamped) 


Lcoh-IBOmM 
"coil  "=  OJ05  « 
Vqc  -  20  V 


Vdamp  =  Rated  VCEX  Value 


VCC  -  260  V 
HL  -  83  n 

D1  =  1N5820or  Equiv 
Rg  -  20  n 


INDUCTIVE  TEST  CIRCUIT 


See  Above  For 
Detailed  Condidom 


OUTPUT  WAVEFORMS 

tf  Clamped 


lvCE'or 

vclamp 

tl  Adjusted  to 
Obtain  lc 


t-co.l"Cpk» 
"  *  VCC 


vciamp 

Ton  Equipment 
Scop*  Tektron.ci 
475  or  Equivalent 


RESISTIVE  TEST  CIRCUIT 
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The  Safe  Operating  Area  figures  shown  in  Figures  11  and  12  are 
specified  ratings  for  these  devices  under  the  test  conditions  shown. 


FIGURE  11  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS: 


FIGURE  12  -  REVERSE  BIAS  SAFE 
OPERATING  AREA 


 '  1  ' 

VCEXIlui)  J  

ruRN  0 

I.I 
FF  LOAD  LINE 

BOUNDARY  FOR  2N6543.P1 
F0R2N6542,Pl,VrfnAND 

'CEX  A 

RE  100VOLTS  LESS 

26A 

_ 

VCE 

Olsull  - 

VBEk 

ii  5 

i 

oo"c- 

VCE 

Xlsusl- 

1 

 1 

0  100  200  300  400 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  13  -  POWER  DERATING 


SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  Two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~VCE 
iimits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  11  is  based  on  Tq  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Jq  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  11  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  13. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  10. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdow 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  condition  allowable  during  reverse  biased 
turn-off.  This  rating  is  verified  under  clamped  conditions 
so  that  the  device  is  never  subjected  to  an  avalanche 
mode.  Figure  12  gives  the  complete  RBSOA  characteris- 
tics. 
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;ners  Data.  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  2N6544  and  2N6545  transistors  are  designed  for  high-voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  115  and  220  volt  line  op- 
erated switch-mode  applications  such  as: 


•  Switching  Regulators 

•  PWM  Inverters  and  Motor  Controls 

•  Solenoid  and  Relay  Drivers 

•  Deflection  Circuits 
Specification  Features  — 

High  Temperature  Performance  Specified  for: 
Reversed  Biased  SOA  with  Inductive  Loads  ^ 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


Emitter  Base  Voltage 


= 





'MAXIMUM  RATINGS 


Rating 


Collector  Current  - 


Continuous 
Peak  (11 


Base  Current  —  Continuous 

-Peak  111 
Emitter  Current  -  Continuous 
-  Peak  11) 


Total  Power  Dissipation  @       =  25°C 
@TC=  100°C 

Derate  above  25°C 
Operating  and  Storage  Junction 


Temperature  Range 


Symbol 


vCEO(sus) 


vCEX(sus) 


'CEV 


'C 
'CM 


'6 
'BM 


'EM 


TJ.Tstg 


2N6544  2N6545 


8.0 
16 


8.0 
16 


16 
32 


125 
71.5 
0.714 
-65  to  +200 


Adc 


Watts 
W/°C 


°c~ 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

H0JC 

1.4 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"'  from  Case  for  5  Seconds 

275 

°C 

•Indicates  JEDEC  Registered  Data 
{ 1  >  Pulse  Test :  Pulse  Width  -  5  ms.  Duty  Cycle 

<  10%. 

8  AMPERE 
NPN  SILICON 
POWER  TRANSISTORS 

1400  VOLTS 
125  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 


STYLE  i 

PIN  1  BASE 

1  EMITTER 

CASE  COLLECTOR 


1^ 


■9 


NOTES 

1.  DIMENSIONS  Q  AND  V  ARE  DATUMS. 

2  [~T~1  IS  SEATING  PLANE  AND  DATUM. 

3  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0 

|  »  |  >.13  10.005)©  |  T  !v~©] 

FQft  LEADS  

|  »  |  |.13<0-005)©T  1  V©  j  Q©| 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39  3? 

1  660 

1 

21  08 

0  83G 

C 

636 

7  62 

0  250 

■  50': 

D 

0  97 

1  09 

.■ 

.  C~? 

E 

MO 

1  78 

:  fj:,' 

:  \W. 

F 

30  IS  BSC 

1  18 

esc 

B 

109J  BSC 

0  43 

BSC 

H 

5  46  BSC 

021 

BSC 

J 

IS  89  BSC 

0  66 

B£C 

1 

i  :  is 

12  19 

D440 

im 

Q 

3.81 

4.19 

D  ISO 

0  165 

a 

H  6? 

1  05C 

4  83 

S33 

0  190 

0.2)0 

"f 

3  81 

*  19 

0  !60 

D  165 

CASE  1-05 
TO-204AA 
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•ELECTRICAL  CHARACTERISTICS  ITr 


|      Symbol  Min 


Characteristic 


Unit 


OFF  CHARACTERISTICS  111 


Collector-Emitter  Sustaining  Voltage 

(IC  >  100  mA.  IB>  01  2N6544 

2N6545 

vCEO(sus) 

300 
400 

Vdc 

Collector-Emitter  Sustaining  Voltage 

(IC  -  4.5  A,  Vc|amp  -  Rated  VCEX.  Tc  =  100°CI  2N6544 

2N6545 

llc  =  8.0  A,  Vc|amp  -  Rated  VCEO  "100  V.  2N6544 
Tc  > 100°C)  2N6545 

vCEX(sus) 

350 
450 
200 
300 

Vdc 

Collector  Cutoff  Current 

(VCEV  *  Rated  Value,  VBE(otf|  =  1.6  Vdc) 

<VCEV  "  Ra,ed  Value.  VBE(0ff|  =  15  Vdc.  Tc  -  100°C) 

'CEV 

0.5 
2.5 

mAdc 

Collector  Cutoff  Current 

(VCE  -  Rated  VCEV.  RBE  *  50  n.  Tc  =  100°CI 

'CER 

3.0 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  9.0  Vdc,  lc=  01 

lEBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
t=  1.0  s  (non-repetitive)  (Vr;E  =  100  Vdc) 

'S/b 

02 

Adc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

nFE 

llc  =  2.5Adc,  VCE  =  3.0Vdc) 
[  1  c  =  5.0  Adc.  VCE  =  3.0  Vdc) 

12 

7.0 

60 
35 

Collector-Emitter  Saturation  Voltage 
(IC  =  5.0  Adc,  lB  -  1.0  Adc) 
(lc  ■  8.0  Adc,  lB  -  2.0  Adc) 
llc  -  5.0  Adc.  IB  -  1.0  Adc,  TC  -  100°CI 

vCEIsat) 

1.5 
5.0 
2.5 

VdC 

Base-Emitter  Saturation  Voltage 

VBE(sat) 

Vdc 

dC-  5.0  Adc,  lB  -  1.0  Adc) 

(IC  "  5.0  Adc,  lB  =  1 .0  Adc,  Tc  -  100°C) 

1.6 
1.6 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product 

llc  -  300mAdc,  VCE  =  10  Vdc,  ftes,  -  1.0  MHz) 

fr 

6.0 

28 

MHz 

Output  Capacitance 

Cob 

75 

300 

pF 

IVCB  -  10  Vdc,  lE  •  0,  ftes,  ■  1.0  MHz) 

SWITCHING  CHARACTERISTICS 


Resistive  Load 

Delay  Time 

•d 

0.05 

MS 

Rise  Time 

(Vcc  "  250  Vdc,  lc  -  5.0  A, 
lB1  =  lB2  "  10  A.  tp  =  100  us. 
Duty  Cycle  <  2  0%) 

'r 

1.0 

MS 

Storage  Time 

«s 

4.0 

MS 

Fall  Time 

'f 

1.0 

MS 

Inductive  Load,  Clamped 

Storage  Time 

( IC  •  5.0  A(pk),  Vdamp  -  Rated  VCEX, 

lB,  -1.0  A.  VBEIoff)-5.0Vdc,Tc-100°C) 

's 

4.0 

MS 

Fall  Time 

'f 

0.9 

MS 

Typical 

Storage  Time 

(lc  =  5.0  A(pk),  Vc|amp=  Rated  VCEX, 
lB1  =  1.0  A,  VBE(0ff)  =5.0  Vdc,  TC-25°CI 

«s 

1.2 

MS 

Fall  Time 

<f 

0.18 

MS 

•Indicates  JEDEC  Registered  Data. 

(1 1  Pulse  Test:  Pulse  Width  =  300  Ms,  Duty  Cycle  <  2%. 
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FIGURE  7 


>  BIAS  SAFE  OPERATING  AREA  FIGURE  8  -  REVERSE  BIAS  SAFE 

OPERATING  AREA 


VCE.  COLLECTOR -EMITTER  VOLTAGE  (VOLTS) 
FIGURE  9  -  POWER  DERATING 


TURN  OFF  LOAD  LINE 
BOUNDARY  FOR  2N6546. 
_FOR2N6544,VcEOANO 
"VCEXARE  100  VOLTS  LESS. 


4.5  A- 


—  VBEIolll  <5.0V. 
Tc<  IOO»C 


VCEOIsusI- 

 1  

VCEXIsusl- 


VCEXIsusI 


100  200  300 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOL" 


LTSI 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc— VQE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  7  is  based  on  Tc  =  25°C;  Tj(p|<) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  IFigure  7  may  be  1 
at  any  case  temperature  by  using  the  appropriate  c 
Figure  9. 

Tj(pk)  may  be  calculated  from  the  data  in  Fit 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the  limi- 
tations imposed  by  second  breakdown.  The  reverse  biased 
safe  operating  area  (Figure  8)  is  the  boundary  the  load  line 
may  traverse  during  turn-off. 


FIGURE  10  -  THERMAL  RESPONSE 


0  0?  0  03     0  05        0  1          0.2    0  3      0  5         1  0 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  2N6546  and  2N6547  transistors  are  designed  for  high  voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fail  time  is 
critical.  They  are  particularly  suited  for  115  and  220  volt  line  op- 
erated switch-mode  applications  such  as: 

•  Switching  Regulators 

•  PWM  Inverters  and  Motor  Controls 

•  Solenoid  and  Relay  Drivers 

•  Deflection  Circuits 

Specification  Features  —  1  

High  Temperature  Performance  Specified  for: 
Reversed  Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 


Leakage  Currents 


'MAXIMUM  RATINGS 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


Emitter  Base  Voltage 


Collector  Current  -  Continuous 
-  Peak  (1) 


-  Continue 

-  Peak  111 


Emitter  Current  —  Continuous 
-Peak  (11 


Total  Power  Dissipation  @  Tc  =  2S°C 
S>TC=  100°C 

Derate  above  25°C 


Operating  and  Storage  Ju  nction 
Temperature  Range 


Symbol 


vCEO(sus) 


VcEXIsusI 


'CEV 


'B 
'BM 


'E 

1  EM 


2N6546  2N6547 


90 


15 

30 


10 
20 


25 
50 


175 
100 
1.0 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 


Symbol 


R6JC 


'Indicates  JEDEC  Registered  Data 

(1)  Pulse  Test:  Pulse  Width  «  5.0  ml,  Dutv  Cycle  <  10%. 


Adc 


Watts 
W/°C 


15  AMPERE 
IMPN  SILICON 
POWER  TRANSISTORS 

300  and  400  VOLTS 
175  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  —  representing 
device  characteristics  boundaries  — 
are  given  to  facilitate  "worst  case" 
design. 


r  — u 

rl 

STYLE  1 

HN  1.  BASE 

1  EMITTER 

CASE  COLLECTOR 


NOTES 

T,  DIMENSIONS  Q  AND  V  ARE  DATUMS 

2.  GUI  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0: 

[  ♦  |  1.13  10.005)©  |  T  [  V®  | 

FOR  LEADS:  

|  +  ]  |.13(0.OO5l©T  |  y®  |  Q®| 

4.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  ¥14.5. 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39  37 

1.550 

B 

21.08 

0  830 

G 

6.35 

7.62 

0.250 

■■■  ;oo 

D 

097 

1.09 

0  038 

0.043 

E 

MB 

1  78 

0  055 

0  070 

F 

30.15  BSC 

1,187  BSC 

G 

10.92  BSC 

0  430  BSC 

H 

5  45  BSC 

0.216  BSC 

J 

16  89  BSC 

Q.665  BSC 

K 

11.18 

12.19 

0440 

0.480 

0 

381 

4.13 

0  150 

0  165 

R 

26.67 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

381 

4  19 

0  150 

:  ■  ;r. 

CASE  1-05 
TO-204AA 
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•ELECTRICAL  CHARACTERISTICS  ITC  -  25°C  unless  otherwise  noted.) 


c 


OFF  CHARACTER  1ST 


Collector-Emitter  Sustaining  Voltage 

(lc  =  100mA,  lB  =  01  2N6546 

2N6547 

vCEOIsusl 

300 
400 

Vdc 

Collector-Emitter  Sustaining  Voltage 

llc-8.0A.Vc|amp  =  RatedVcex,Tc-  100°CI  2N6546 

2N6547 

(IC  =  15  A.  Vclamp  =  Rated   VCEO-100V,  2M6546 
TC  =  100°C)  2N6547 

vCEX(susl 

350 
450 
200 
300 

— 
- 

- 

Vdc 

Collector  Cutoff  Current 

(VCEV  -  Rated  Value.  VBE(o,„  .  1.5  Vdc) 

(VCEV  *  Rated  Value.  VBE(off)  -  1.5  Vdc.  TCf  100°CI 

'CEV 

10 
4.0 

mAdc 

—  — —  1 

Collector  Cutoff  Current 

IVCE  =  Rated  VCEV.  RBE  =  50  I!.  Tc  li  100°CI 

!CER 

5.0 

mAdc 

7  7.  777.  

Emitter  Cutoff  Current 

IVEB  =  9  0  Vdc,  lc  -  01 

lEBO 

1  0 

mAdc 


SECOND  BREAKDOWN 



Second  Breakdown  Collector  Current  with  base  forward  biased 
t  =  1.0  s  (non-repetitive)  [VcE  =  100  Vdc) 

 :  1 

<S/b 

0  2 

Adc 

DC  Current  Gain 

dC  "  5.0  Adc,  VCE  =  2  0  Vdcl 
|lc»  10  Adc,  VCE  =  2.0  Vdc) 

nFE 

12 
6  0 

60 
30 

Collector-Emitter  Saturation  Voltage 
IIC  =  10  Adc,  lB  -  2.0  Add 
llc  =  15  Adc.  IB  -  3.0  Add 
llc  =  10  Adc.  Ig  -  2.0  Adc.  Tc  =  100°C1 

vCEIsat) 

Vdc 

1.5 
5  0 

2.5 

Base-Emitter  Saturation  Voltage 
dc  =  10  Adc,  lB  =  2.0Adcl 
(I.C  "  10  Adc.  IB  =  2.0  Adc.  TC  =  100°C 



vBE(sat) 

Vdc 

1.6 
16 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

llc  =  500  mAdc,  VCE  =  10  Vdc,  ftes,  =  1.0MHz) 

tr 

6.0 

28 

MHz 

Output  Capacitance 

{VCB  =  10  Vdc,  Ig  =  0,  fIesT  =  10  MHz> 

Cob 

 ns  

500 

SWITCHING  CHARAC 


Resistive  Load 


Delay  Time 


Rise  Time 


Storage  Time 


(VCC  =  250  V'  'c  =  10  A- 

I B 1  =  'B2  =  2.0  A,  tp=  lOO^s, 

Duty  Cycle  <  2.0%) 


Fall  Time 

Inductive  Load,  Clamped 


= 


Storage  Time 


Fall  Time 


llci  10A(pk),Vclamp-  Rated  VCEX,IB1  ■ 
VBE(off)  -  5-0  Vdc,  TC  -  100°CI  


2.0  A, 


Typical 


Storage  Time 


Fall  Time 


(lc»10A(pk),  Vclarno-  RatedVCEX,lB1  =2.0  A, 
VBE(off)  •  5.0  Vdc.  TC  -  25°CI 


'f 


2.0 


0.09 


•Indicates  JEDEC  Registered  Data. 

11 )  Puse  Test:  Pulse  Width  =  300  us.  Duty  Cycle 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 


t  .  icnor. 

7 

i«t 

N 

> 

s 

I 

-5 

!= 

it,* 

n  =  ■}  f 

VrE=  10  V 

  II 

0.2    0.3       0.5  1.0  2.0     3.0      SO    7.0    10  20 

IC,  COLLECTOR  CURRENT  (AMP) 


0.2     0.3      0.5   0.7    1.0  2.0     3.0       5.0  7.1 

IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  3  -  "ON"  VOLTAGE 


FIGURE  4-  TEMPERATURE  COEFFICIENTS 


1     1 J 

—  V 

BE! 

dt> 

SI 

:/ 

■ 

'5 

0 

Z — \ 

 1— 

0  V  

VCE(saD@IC/lB  = 

1      1  1 

rra 

>'  0.4 
0.2 
0 

0.2    0.3  0.5 

IC,  COLLECTOR  CURRENT  (AMP) 


0.2     0.3       0.5    0.7    1.0  2.0     3.0       5.0   7.0  10 

IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  5  -  TURN-ON  TIME 


FIGURE  6  -  TURN-OFF  TIME 


30 
0.02 


0.1      0.2         0.5      1.0     2.0         5.0       10  20 
IC.  COLLECTOR  CURRENT  (AMP) 


0.02        0.05     0.1      0.2         0.5      1.0      2.0  5.0 
IC.  COLLECTOR  CURRENT  (AMP) 
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MAXIMUM  RATED  SAFE  OPERATING  AREAS 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q— VqE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  7  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  3*  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  7  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  9. 

Tj{pk)  may  be  calculated  from  the  data  in  Figure  10. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 
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® 


MOTOROLA 


2N6548 
2N6549 


NPN  SILICON  DARLINGTON 
AMPLIFIER  TRANSISTORS 

.  .  .  designed  for  amplifier  and  driver  applications  where  high  gain  is 
an  essential  requirement,  low  power  lamp  and  relay  drivers  and 
power  drivers  for  high-current  applications  such  as  voltage  regulators. 

•  High  DC  Current  Gain  - 

hpE  =  25,000  (Min)  @\q  =  200  mAdc  -  2N6548 
=  15,000  (Min)  @  lc  =  500  mAdc  -  2N6548 

•  Collector-Emitter  Breakdown  Voltage  — 

SVcES  =  40  vdc  (Min>  ®  'C  =  100  MAdc 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  =  1  -5  Vdc  (Max)  @  Iq=  1-0  Adc 

•  Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  @  Ta  =  25°C 





DUOWATT 

NPN  SILICON 
DARLINGTON  AMPLIFIER 
TRANSISTORS 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

"Collector-Emitter  Voltage 

vCEO 

40 

Vdc 

Collector-Emitter  Voltage 

VCES 

40 

Vdc 

"Collector -Base  Voltage 

VCBO 

50 

Vdc 

"Emitter-Base  Voltage 

VEBO 

12 

Vdc 

•Collector  Current  —  Continuous 

>c 

2.0 

Adc 

"Base  Current  —  Continuous 

IB 

100 

mAdc 

•Total  Power  Dissipation  @  TA  =  25°C 
Derate  above  25°C 

?D 

2.0 
16 

Watts 
mW/°C 

Total  Power  Dissipation  @Trj  =  25°C 
Derate  above  25°C 

PD 

10 
80 

Watts 
mW/°C 

'Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-55  to  +150 

°C 

•Solder  Temperature,  1/16"  from  Case  for 
1 0  Seconds 

260 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

R«JA 

62.5 

°C/W 

Thermal  Resistance,  Junction  to  Case 

Rejc 

12.5 

°c/w 

•Indicates  JEDEC  Registered  Data. 

STYLE  1: 

PIN    1  EMITTER       ■ .  ■  M  ■ 
2  BASE  \ 
3.  COLLECTOR 
4  COLLECTOR 


I — L 
G 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

a 

21  84 

22.35 

0  860 

0.880 

B 

9.91 

loai 

0  390 

0410 

C 

4.19 

444 

0  165 

0.175 

0 

0.61 

0.71 

0.024 

0  028 

F 

3.68 

3.94 

0  145 

0.155 

G 

241 

2.67 

0.035 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

048 

0.66 

0.019 

0.026 

K 

1270 

0  sue 

L 

1.78 

2.03 

0070 

0.080 

N 

9.91 

10.16 

0.390 

0.400 

0 

3.56 

3.61 

0.140 

0.150 

R 

2.41 

2.67 

0.095 

0.105 

T 

13.21 

13.97 

0  520 

0  550 

CASE  306-04 

TO  202AC 


3-267 


2N6548,  2N6549 


•ELECTRICAL  CHARACTERISTICS  ITA  =  25°< 


Characteristic 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltaged) 
(IC  =  100uAdc.  VBE  =  01 

BVcES 

40 

Vdc 

Collector-Base  Breakdown  Voltage 
IIC  -  lOOuAdc,  lE  =■  01 



BVCB0 

50 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  =  lOuAdc.  IC  =01 

BVEB0 

12 

Vdc 

Collector  Cutoff  Current 
IVCB  =  30  Vdc,  lE  =  01 



'CBO 

l  

100 

nAdc 

Emitter  Cutoff  Current 
(VEB  -  10  Vdc,  lc  =  01 

!E80 

100 

nAdc 

ON  CHARACTERISTICS  1 1 1 

DC  Current  Gain 
llc  -  200  mAdc.  VCE  =  5.0  Vdcl  2N6548 
2N6549 

(IC  "  500  mAdc.  VCE  -  5.0  Vdcl  2N6548 
2N6549 

llc  =  1.0  Adc,  VCE  -  5.0  Vdcl  2N6548 
2N6549 

hFE 

25.000 
15,000 
15.000 
10,000 

150,000 
150,000 

Collector-Emitter  Saturation  Voltage 
(IC  -  10  Adc.  IB  =  2.0  mAdc) 
Il0  =  2.0  Adc.  Ir  f  4.0  mAdc) 

vCEIsat) 

1.5 

Vdc 

2.0 

Base-Emitter  Saturation  Voltage 
(IC  "  10  Adc.  IB  =  2  0  mAdc) 

vBEIsat) 

2.0 

Vdc 

Base-Emitter  On  Voltage 

(lc  =  1.0  Adc.  VCE  -  5.0  Vdc) 

vBEIon) 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

High  Frequency  Current  Gain 
(IC  •  200  mAdc.  VCE  -  5.0  Vdc.  f  =  100  MHz 

I 

Ihfel 

1.0 

Output  Capacitance 
(VCB  "  10  Vdc.  IE  =  0.  f  -  1.0  MHz) 

Cob 

7.0 

pF 

Small-Signal  Current  Gain 

(lc  =  50  mAdc.  VCE  -  5.0  Vdc.  1  =  10  kHz)  2N6548 

2N6549 

hfe 

20.000 
15.000 

■  Indicates  JEDEC  Registered  Data 
(DPulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  *  2.0% 


TYPICAL  CHARACTERISTICS 

FIGURE  1  -  ACTIVE  REGION  SAFE -OPERATING  AREA 


0.06 
0.04 


Tj=  150°C 

—  BONDING  WIRE  LIMIT 

— — —  THERMAL  LIMIT, SINGLE  PULSE,Tc  ■  25°C" 

  SECOND  BREAKDOWN  LIMIT 

J_U  I  I  I  I  i    )   i  i  i 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  IcVcE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(pk)  -  150°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<)  ^  150°C.  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


0.4     06       1.0  2.0  40     6.0       10  21 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 
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TYPICAL  CHARACTERISTICS  (continued! 


FIGURE  2  -  DC  CURRENT  GAIN  FIGURE  3  —  "ON"  VOLTAGES 


FIGURE  4  -  COLLECTOR  SATURATION  REGION  FIGURE  5  -  TEMPERATURE  COEFFICIENT 


It  l-LUll — LJ —  I  !  M  II II    I  — I   Mil  — I  M  I  llll — LJ — I — L_l  -0,45  I  I  I  I       I  I  I  I  I  I  I  I     I    I   I  I  I  I 

0.5    1.0    2.0      5.0     10     20       50    100   200      500  1.0  k  2.0  k    5.0  k  20      30        50     70    100  200     300       500   700   1.0  k 


IB.  BASE  CURRENT  („A)  IC.  COLLECTOR  CURRENT  (mAI 


FIGURE  6  -  THERMAL  RESPONSE 
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2N6551 
2N6552 
2N6553 


MOTOROLA 


NPN  SILICON  ANNULAR 
AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  general-purpose,  medium-voltage,  medium  power 
amplifier  and  driver  applications;  series,  shunt  and  switching  regu- 
lators, and  low  and  high  frequency  inverters  and  converters. 


•  High  Collector-Emitter  Breakdown  Voltage  - 

BVCEO  =  100  Vdc  (Min)  @  lc  -  1.0  mAdc 

•  Duowatt  Package  -  2  Watts  Free  Air  Dissipation 

•  Complements  to  PNP  2N6554/5/6 


2N6553 

TA=  25°C 


DUOWATT 

NPN  SILICON 
AMPLIFIER  TRANSISTORS 


MAXIMUM  RATINGS 


Rating 


'Collector-Emitter  Voltage 


'Collector-Base  Voltage 


'Emitter -Base  Voltage 


•Collector  Current  -  Continuous 
-Peak  (1) 


•Total  Power  Dissipation  @  TA  -  25°C 
Derate  above  25°C  


ition  ®  TC  «  25°C 


■Operating  and  Storage  Junction 
Temperature  Range  


r  Temperature,  1/16"  from  Case 

for  10  Seconds  

THERMAL  CHARACTERISTICS 


Symbol 


vCEO 


vCBO 


vEBO 


Tj.T,,, 


2N6551 


2N6552  2N6553 


-1.0- 
-2.0- 


-2.0- 
-16- 


-10- 
-80- 


Watts 
mw;°c 


Watts 
mW/°C 


°C 


Characteristic 


Thermal  Resistance.  Junction  to  Ambient 


Thermal  Resistance,  Junction  to  Case 


Symbol 


RfljA 


Rfljc 


•Indicates  JEDEC  Registered  Data. 
Ill  <10mi,  <S0%  Duty  Cycle 


STYLE  1 

PIN    1.  EMITTER 

2.  BASE 

3.  COLLECTOfl 
4  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9.91 

10.41 

0.390 

0.410 

C 

4  39 

4.65 

0.173 

0.183 

D 

0.58 

0.74 

0.023 

0  029 

F 

356 

4.06 

0.140 

0  160 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1  96 

0.067 

0.07,7 

J 

0.48 

0.66 

0.019 

0.026 

K 

12.19 

12.95 

0.480 

0.510 

L 

1.65 

2.03 

0.065 

0  080 

N 

9  91 

10.16 

0390 

0400 

0 

3.56 

3.81 

0.140 

0.150 

R 

1.07 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 

CASE  306-04 

TO-202AC 
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"ELECTRICAL  CHARACTERISTICS  (TA-  25°C  unless  otherwise  noted.)  

|  Ch.rect.fi.tic  |       Symbol  Min  Mm       |  Unit  ~[ 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage 

(lc  «  l  .OmAdc.  IB  «  0)  2N6561 
2N6552 
2N6553 

BVCEO 

60 
80 
100 

Vdc 

Collector-Base  Breakdown  Voltage 

llc  =  lOOjjAdc.  IE  -  0)  2N6551 
2N6552 
2N6553 

BVcbO 

60 
80 
100 

Vdc 

Emitter-Base  Breakdown  Voltage 
llE  -  100uAdc,  lc  "  01 

BVebO 

5.0 

Vdc 

Collector  Cutoff  Current 

(VCB-40Vdc,  1 E  =  0)  2N6551 
(VCB=60Vdc,  lE-0)  2N6552 
IVC8  =  80  Vdc,  lE  =  01  2N6553 

'CBO 

100 
100 
100 

nAdc 

Emitter  Cutoff  Current 
(VEB  =  4.0  Vdc.  IC  •  01 

'ebo 

100 

nAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

IIC  ■  lOmAdc,  VC6  =  1.0  Vdc) 
llc  »  50  mAdc.  VCE  -  1 .0  Vdc) 
(IC  t  250  mAdc,  VCE  =  1.0  Vdc) 
IIC  -  500  mAdc,  VCE  -  1 .0  Vdc) 

nFE 

60 
80 
60 
25 

300 

Collector-Emitter  Saturation  Voltage 
(lc  -  250  mAdc.  IB  -  10  mAdc) 
llc-  1.0  Adc.  IB  -  100  mAdc) 

vCEIsat) 

0.5 
1.0 

Vdc 

Base-Emitter  On  Voltage 

(lC  -  250  mAdc.  VCE  -  5.0  Vdc) 

vBE(on) 

1.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(lc  -  100  mAdc,  VCE  -  5.0  Vdc.  f  -  20  MHz) 

'T 

75 

375 

MHz 

Collector-Base  Capacitance 

(VCB-20Vdc.  lE-0.  f=  1.0  MHz) 

Ccb 

18 

pF 

•  Indicates  JEDEC  Registered  Data 


( 1 1  Pulse  Test:  Pulse  Width  <  300  us,  Duty  Cycle  <  2.0% 

TYPICAL  CHARACTERISTICS 


FIGURE  1  -  CURRENT-GAIN  -  BANDWIDTH  PRODUCT 


FIGURE  2  -  CAPACITANCES 


TTTT  

VCE-5.0V 
Tj  =25°C 


5  0    7.0     10  20     30        50    70     00         200  300 

lC,  COLLECTOR  CURRENT  (mAI 


5  0 


1.0  2.0 
VR,  REVERSE  VOLTAGE  (VOLTS) 
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TYPICAL  CHARACTERISTICS  (continued) 


FIGURE  3  —  DC  CURRENT  GAIN  FIGURE  4  -  "ON"  VOLTAGE 


FIGURE  5  -  COLLECTOR  SATURATION  REGION  FIGURE  6  -  TEMPERATURE  COEFFICIENTS 


FIGURE  7  -  COLLECTOR  CHARACTERISTICS  FIGURE  8  -  COLLECTOR  CUTOFF  REGION 
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TYPICAL  CHARACTERISTICS  (continued) 


FIGURE  9  -  THERMAL  RESPONSE 


T  1  I       I  I  ^OJAIII  "III  HOJA 

Plpkl  R„jA  62.5°C/WMa« 

~    D  CURVES  APPLY  FOR  POWER 
PULSE  TRAIN  SHOWN 
12  H  READ  TIME  ATM 

Duty  Cvcle,  0  ■  l|ft]  Tj(pk)  -Tc  '  P|pk|  RoJClU 


0  05      0  1      0  2 


10  20  50 
I.  TIME  Itml 


5.0  k  10  k     20  k 


FIGURE  10-  ACTIVE-REGION  SAFE-OPERATING  AREA 


■  BONDING  WIRE  LIMIT 

■  THERMAL  LIMIT, SINGLE  PULSE  - 
<  SECOND  BREAKDOWN  LIMIT 

(Applies  Below  Rated  VCEOl 


2  0     30       5.0   7.0     10  20      30        SO    70  100 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Ic-VqE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  10  is  based  on  Tc  =  25°C;  Tj(p|<) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations  Allowable 
current  at  the  voltages  shown  on  Figure  10  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 1 . 

Tj(pk)  maV  calculated  from  the  data  in  Figure  9. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


FIGURE  11  -  POWER  DERATING 
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2N6554 


PNP  SILICON  ANNULAR 
AMPLIFIER  TRANSISTORS 

.  .  .  designed  for  general-purpose,  medium-voltage,  medium  power 
amplifier  and  driver  applications;  series,  shunt  and  switching  regu-  . 
lators,  and  low  and  high  frequency  inverters  and  converters. 

DUOWATT 

PNP  SILICON 
AMPLIFIER  TRANSISTORS 

•  High  Collector-Emitter  Breakdown  Voltage  — 

BVcEO  ■  100  Vdc  (Min)  @  lc  =  1 .0  mAdc  -  2N6556 

•  Duowatt  Package  -  2  Watts  Free  Air  Dissipation  @  Ta  =  25°C 

•  Complements  to  NPN  2N6551  /2/3 






MAXIMUM  RATINGS 


Rating 


"Collector-Emitter  Voltage 


'Collector -Base  Voltage 


'Emitter-Base  Voltage 


"Collector  Cur 


:  -  Co 


'Base  Current 


•Total  Power  Dissipation  @  TA  =  25° 
Derate  above  25°C  


Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 


■Operating  and  Storage  Junction 
Temperature  Range  


•Solder  Temperature,  1/16"  from  Case 
for  10  Seconds 


Symbol    2N6554   2N6555  2N65S6 


vCEO 


vCBO 


vEBO 


Tj,Ts, 


-1.0- 
-2.0  - 


-100- 


-2.0- 
-16- 


-10- 
-80- 


-55  to  +  150- 


Watts 
mW/°C 


Watts 
mW/°C 


°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Ambient 


Thermal  Resistance,  Junction  to  Case 


Symbol 


RgjA 


"9JC 


°C/W 


'Indicates  JEDEC  Registered  Data. 


STYLE  t: 

PIN    I,  EMITTER 

2.  BASE 

3.  COLLECTOR 
4  COLLECTOR 


MILLIMETERS 

NCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

21  84 

22  35 

U86H 

0  B80 

8 

9.91 

1041 

0  390 

0410 

C 

4  19 

4.44 

0  165 

0  175 

D 

0.61 

0.71 

0  024 

0  028 

F 

368 

3  94 

0.145 

0  155 

G 

241 

2  67 

0  035 

0  105 

H 

1.70 

196 

0067 

0.077 

J 

048 

066 

0019 

0.026 

K 

1270 

0.500 

L 

1  78 

2.03 

0070 

0.080 

M 

9.91 

10  16 

0  390 

0  400 

n 

muM 

■HI 

i  in 

1 11 'J 

CASE  306-04 

TO-202AC 
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'ELECTRICAL  CHARACTERISTICS  <TA  =  25°C  unless  otherwise  noted. )■ 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 

IIC  =  1.0  mAdc,  Ib-0)  2N6554 
2N6555 
2N6S56 

BVCEO 

60 
80 
100 

Vdc 

Collector-Base  Breakdown  Voltage 

(IC  -  100uAdc,  lE  =  01  2N6554 
2N6555 
2N6S56 

BVCBO 

60 
80 
100 

Vdc 

Emitter-Base  Breakdown  Voltage 
(IE  =  lOOuAdc,  lc  "  01 

BVEBO 

5.0 

Vdc 

Collector  Cutoff  Current 

I VCB  •  40  Vdc.  1 E  -  01  2N6554 
( VCB  =  60  Vdc.  1 E  =  01  2N6555 
(VCB"80Vdc.  IE=0I  2N6556 

ICBO 

100 
100 
100 

nAdc 

Emitter  Cutoff  Current 
IVEb  =  4.0  Vdc.  IC  =  0) 

lEBO 

100 

nAdc 

ON  CHARACTERISTICS  11) 

DC  Current  Gain 

(IC  =  10  mAdc,  Vce  "  1  0  Vdc) 
(lc  =  50  mAdc.  VCE  =  1  0  Vdc) 
(lc  =  250  mAdc,  VCE  =  1  0  Vdc) 
(IC  =  500  mAdc.  VCE  =  1.0  Vdc) 

"FE 

60 
80 
60 
25 

300 

Collector-Emitter  Saturation  Voltage 
(IC  "  250  mAdc,  Ib  =  10  mAdc) 
Hc  ■  10  Adc,  l8  -  100  mAdc) 

vCEIsatl 

0.5 
1.0 

Vdc 

Base-Emitter  On  Voltage 

(IC  =  250  mAdc,  VCE  "  5.0  Vdc) 

vBEIonl 

1.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(lc  =  100  mAdc.  VC£  =  5.0  Vdc,  f  =  20  MHz) 

«T 

75 

375 

MHz 

Collector-Base  Capacitance 

IVCB  -  20  Vdc,  lE  =  0,  f  -  1.0  MHz) 

Ccb 

18 

PF 

"  Indicates  JEDEC  Registered  Data. 
( 1 )  Pulse  Test:  Pulse  Width  <  300      Duty  Cycle  <  2.0%. 


TYPICAL  CHARACTERISTICS 


FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Ic^CE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  1  is  based  on  Tj(p|<)  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<)  <  r50°C.  Tjjp^)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


vce.  col  lector  emitter  voltage  (volts) 
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TYPICAL  CHARACTERISTICS  (cominuedl 


FIGURE  2  —  DC  CURRENT 


FIGURE  3  -  "ON"  VOLTAGE 
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FIGURE  4  -  COLLECTOR  SATURATION  REGION 


FIGURE  5  -  TEMPERATURE  COEFFICIENT 
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FIGURE  6  -  THERMAL  RESPONSE 
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2N6557 

®2N6558 
MOTOROLA  2N6559 


NPN  SILICON  ANNULAR 
HIGH  VOLTAGE  AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  high-voltage  TV  video  and  chroma  output  circuits, 
high-voltage  linear  amplifiers,  and  high-voltage  transistor  regulators. 


High  Collector-Emitter  Breakdown  Voltage  - 
BVcEO  •  350  Vdc  (Min)  @  lc  =  1-0  mAdc  - 

Low  Collector-Emitter  Saturation  Voltage  — 
VcE(sat)  ■  0.6  Vdc  (Max)  @  lc  =  30  mAdc 

Low  Collector-Base  Capacitance  - 
Ccb  -  3.0  pF  (Max)  @  Vqb  =  20  Vdc 

Duowatt  Package  - 

iation  @  TA  =  25°C 


2N6559 


MAXIMUM  RATINGS 


Rating 


'Collector-Emitter  Voltage 


■Collector-Base  Voltage 


'Emitter-Base  Voltage 


•Collector  Current  ■ 


Continuous 
Peak 


Total  Power  Dissipation  @  T/\  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation  @Trj  ■  25°C 
Derate  above  25°C 


'Operating  and  Storage  Junction 
Temperature  Range 


Solder  Temperature,  1/1 6"  from  Case 
for  10  Seconds 


Symbol 


vCEO 


■'EBO 


Pd 


Pd 


Tj.Ts, 


2N65S7    2N6SS8  2N6559 


250 


300 


350 


-0  5- 
-0.7- 


-2.0- 
-16  - 


Watts 
mW/°C 


Watts 

mW/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Ambient 


Thermal  Resistance,  Junction  to  Case 


Symbol 


ReJA 


R8JC 


°c/w 


"Indicates  JEDEC  Registered  Data. 


DUOWATT 

NPN  SILICON 
AMPLIFIER  TRANSISTORS 


STYLE  1: 

PIN    1,  EMITTER 
2.  BASE 

3  COLLECTOR 

4  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

21  8i 

22.35 

0860 

0.880 

B 

10.41 

0  390 

0.410 

C 

4.19 

4.44 

0.165 

0.175 

D 

0.61 

0.71 

0.024 

0.028 

F 

3.68 

3.94 

0.145 

0.155 

G 

2.41 

76: 

0  035 

0  105 

H 

1.70 

1.96 

0  067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

1270 

0.500 

I 

1.78 

7.03 

0.070 

0.080 

N 

9.91 

10.16 

0.390 

0400 

0 

3.56 

3.81 

0  140 

0  150 

R 

2.41 

2.67 

0  095 

0.105 

T 

13.21 

13.97 

0  520 

0.550 

CASE  306-04 

TO-202AC 
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•ELECTRICAL  CHARACTERISTICS  ITA  -  25°C  unless  otherwise  noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 

( lc  -  1  0  m Adc.  I B  =  0)  2N6557 
2N6558 
2N6559 

BVCEO 

250 
300 
350 

Vdc 

Co,lec,o,Base  Breakdown  Vo,,,, 

llc  =  100uAdc.  IE  =0)  2N6557 
2N6558 
2N6559 

BVCBO 

250 
300 
350 

Vdc 

Emitter-Base  Breakdown  Voltage 
(IE  -  lOOuAdc,  lc  "  0) 

BVebO 

6.0 

Vdc 

Collector  Cutoff  Current 

(VCB  =  150  Vdc,  lE  =0)  2N6557 
IVCB  =  200Vdc,  lE=0>  2N6558 
[VCB  -  250  Vdc,  lE  =0)  2N6559 

ICBO 

0.2 
0.2 
0.2 

MAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc.  IC  =  01 

'EBO 

0.1 

uAdc 

ON  CHARACTERISTICS!!! 

DC  Current  Gain 

(lc  -  10  mAdc,  VCE  =  10  Vdc) 
1  lc  -  30  mAdc.  VCE  -  1 0  Vdcl 

nFE 

25 
40 

180 

Collector-Emitter  Saturation  Voltage 
(lc  =  30  mAdc.  IB  =  3.0  mAdcl 
(lC  -  50  mAdc,  lB»  5.0  mAdc) 

vCE(sat) 

Vdc 

0.6 
1.5 

Base-Emitter  On  Voltage 

(IC  =  30  mAdc,  VCE  =  10  Vdc) 

VBE(on) 

0.85 

Vdc 

Current-Gain  —  Bandwidth  Product 

llc  -  10  mAdc,  VCE  =  20  Vdc,  f  -  20  MHz) 

»T 

45 

200 

MHz 

Collector-Base  Capacitance 

( VCB  =  20  Vdc,  lE  "  0,  f  =  1 .0  MHz) 

Ccb 

3.0 

pF 

1 1 )  Pulse  Test:  Pulse  Width  «  300  us.  Duty  Cycle  <  2.C 


TYPICAL  CHARACTERISTICS 

FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATl 


There  are  two  limitations  on  the  power  handling  i 
transistor:  average  junction  temperature  and  second  brt 
Safe  operating  area  curves  indicate  IcVcE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transntor 
must  not  be  subjected  to  greater  dtssipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(pL.)  =  150°C,  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjp^j  <  150°C  Tj(pL;)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


2.0        5.0      10       20         50      100  200 
VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 
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FIGURE  2  —  DC  CURRENT  GAIN 


TYPICAL  ( 
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FIGURE  3  -  "ON"  VOLTAGES 
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FIGURE  4  -  COLLECTOR  SATURATION  REGION 


FIGURE  5  -  TEMPERATURE  COEFFICIENTS 
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2N6569 


)  MOTOROLA 





NPN  SILICON  POWER  TRANSISTOR 

The  2N6569  is  a  general-purpose,  EPIBASE  power  transistor 
designed  for  low  voltage  amplifier  and  power  switching  applications. 


Low  Cost 

Safe  Operating  Area  —  Full  Power  Rating  to  40  V 
EPIBASE  Performance  in  Gain  and  Speed 
Metal  Can  Reliability  -  TO-3  Package 
All-Purpose  Replacement  for  Industry  Standard  2N3055 


12  AMPERE 
POWER  TRANSISTOR 
NPN  SILICON 

40  VOLTS 
100  WATTS 


'MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

40 

Vdc 

Collector-Base  Voltage 

vCBO 

45 

Vdc 

Emitter-Base  Voltage 

VEBO 

5.0 

Vdc 

Collector  Current  -  Continuous 
-  Peak 

'C 

12 
24 

Adc 

Base  Current  —  Continuous 
-  Peak 

'B 

5.0 
10  • 

Adc 

Emitter  Current  —  Continuous 
-  Peak 

'E 

17 
34 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

PD 

100 
0  572 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«jc 

1.75 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/16"  from  Case  fo  10s. 

tl 

265 

°c 

STYLE  1: 
PIN  I.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


1.  DIM  "Q"  IS0IA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11  18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.13 

0.440 

0.480 

0 

3.84 

4.09 

0.151 

0.161 

Ft 

26.67 

1.050 

Collector  connected  to  case. 
CASE  11-01 
(TO-3) 
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♦ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted.)  

Ch.ncMri.tic  |      Symbol  Min  M.»  Unit  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
IIC-200  mAdc.  IB  =  0) 

vCEO(sus) 

40 

Vdc 

Collector  Cutoff  Current 

( VCEV  ■  45  Vdc,  VBE(off )  -  1  5  Vdc) 

(VCEV  =  45  Vdc,  VBEIof,|  -  1.5  Vdc,  Tc  -  100°CI 

ICEV 

1.0 
10 

mAdc 

Emitter  Cutoff  Current 
(VEB  -  5.0  Vdc.  Ic  -  0) 

lEBO 

5.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 
(Vce  ■  40  Vdc,  t  =  1.0*  (non-repetitive)) 

'S/b 

2.5 

Adc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(lc  -  4.0  Adc.  VCE  -  3.0  Vdc) 
(lc  =  12  Adc,  VCE  =  4.0  Vdc) 

"FE 

15 

5.0 

200 
100 

Collector-Emitter  Saturation  Voltage 
(lc  -4.0  Adc,  lB  -0.4  Adc) 
(lC=12Adc,  lB- 2.4  Adc) 

VcE(sat) 

1.5 
4.0 

Vdc 

Base-Emitter  Saturation  Voltage 
llc=4.0  Adc,  lB  =  0.4  Adc) 

vBE(sat) 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product 

llc  -  1.0  Adc,  VCE  -  4.0  Vdc,  ftest  =  0.5  MHz) 

'T 

1.5 

15 

MHz 

Output  Capacitance 

IVCB  =  10  Vdc,  lE  =  0,  ftest  =  1.0  MHz) 

Cob 

75 

750 

pF 

SWITCHING  CHARACTERISTICS 
RESISTIVE  LOAD 

Delay  Time 

(Vcc  -  30  Vdc,  lc  -  2.0  Adc,  lB1  -  0.2  Adc, 
tp  =  25  us.  Duty  Cycle  <  1 .0%) 

»d 

0.4 

MS 

Rise  Time 

'r 

1.5 

us 

Storage  Time 

IVCC  =30  Vdc,  IC»  2.0  Adc.  IB1  =  lB2  =  0.2Adc, 
tp  -  25  us.  Duty  Cycle  <  1 .0%) 

h 

— 

5.0 

us 

Fall  Time 

»f 

— 

1.5 

MS 

•Indicates  JEDEC  Registered  Data. 


FIGURE  1  -  SWITCHING  TIMES  TEST  CIRCUIT 


vCc 

+30  V 

M 

-  25  ms 

+  11  V  1 — 

o-l- 
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-4.0  V  — 

Rg  and  Rc 
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Obtain  Desired  Current  Levels 

D1  must  be 

fast  recovery  type. 
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FIGURE  2  -  THERMAL  RESPONSE 
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VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTS) 


Safe  operating  area  curves  indicate  Iq-VcE  limits  of  the 
transistor  being  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than 
the  curves  indicate.  This  transistor  is  thermally  limited  over 
its  entire  operation  area.  Figure  4  may  be  used  to  derate 
the  curves  shown  or  an  effective  Rf)JC(t)  maV  be  computed 
from  Figure  2  for  pulsed  operation. 


FIGURE  4  -  POWER  DERATING 


2N6576 
2N6577 
2N6578 


NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 

General-purpose  EpiBase  power  darlington  transistors,  suitable 
for  linear  and  switching  applications. 

•  Replacement  for  2N3055  and  Driver 

•  High  Gain  Darlington  Performance 

•  Built-in  Diode  Protection  for  Reverse  Polarity  Protection 

•  Can  Be  Driven  from  Low-Level  Logic 

•  Popular  Voltage  Range 


Operating  Range  ■ 


-65  to 


h200°C 


15  AMPERE 
POWER  TRANSISTORS 

NPN  SILICON 
DARLINGTON 


60,  90,  120  VOLTS 
120  WATTS 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
-  Peak 


Base  Current  -  Continuous 
-  Peak 


Emitter  Current  -  Continuous 
-  Peak 


Total  Power  Dissipation  @  Tq  ■  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range  


Symbol      2N6576    2IM6577    2N6578  Unit 


vCEO(susl 


VCB 


VFR 


TJTstg 


-  15- 
■  30- 


-  0  25  - 
0  50  - 


-15.25- 
-30.5- 


-  120  - 
-0.685- 


Watts 
W/"C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance.  Junction  to  Case 


Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/16"  from  Case  for  10s. 


Symbol 


■Indicates  JEDEC  Registered  Data 


DARLINGTON  SCHEMATIC 


STYLE  1: 
PIN  1  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

39.37 

1  550 

• 

22  23 

0  875 

c 

6  35 

11.43 

9.250 

0450 

0 

0.97 

1  09 

0.038 

0  043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

6 

10.67 

11.16 

0  420 

0.440 

H 

5.11 

5.72 

0  205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

3.94 

0.151 

HI- 

11-03 
TO-3 
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•ELECTRICAL  CHARACTERISTICS  (Tc  =  2S°C  unless  otherwise  noted.)  

I  Cluracwiitk:  |    Symbol  Min  M.«  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage!  11 

1 1  c  •  200  mAdc.  Ig  =  0)  2N6S76 
2N6577 
2N6578 

VcEOIsus) 

60 
90 
120 

Vdc 

Collector  Cutoff  Current 
IVCE  -  Rated  Value) 

'CEO 

1.0 

mAdc 

Collector  Cutoff  Current 

lvCER  *  Rated  VcEO(sus)  Value.  RBE  -  10  kn,  Tc  =  150°C) 

'CER 

5.0 

mAdc 

Collector  Cutoff  Current 

VCEX  =  Rated  VCE0(sus)  Value.  VBE|off|  -  1.5  Vdcl 

'CEV 

5.0 

mAdc 

Collector  Cutoff  Current 
IVcb  •  Rated  Value) 

'CBO 

0.5 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

He  "  15  Adc.  VCE  =  4.0  Vdc) 
(lc  -  10  Adc.  VCE  =  3.0  Vdc) 
llc  -  4.0  Adc.  VCE  T  3.0  Vdcl 
( lc  -  0.4  Adc.  VCE  =  3.0  Vdcl 

nFE 

100 
500 
2000 
200 

5,000 
20.000 

Collector-Emitter  Saturation  Voltage 
(lc  -  15  Adc,  lB  =  0.15  Add 
(lc  =  10  Adc.  IB  -  0.1  Adc) 

VcElsatl 

4.0 
2.8 

Vdc 

Base-Emitter  Saturation  Voltage 
llc  «  15  Adc.  IB  -  0.15  Adc) 
He  =  10  Adc.  1 B  -  0-1  Adc) 

vBEIsat) 

4.5 

3.5 

Vdc 

Collector-Emitter  Diode  Voltage  Drop 
llEC  -  15  Adc) 

vF 

4.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Magnitude  of  Common-Emitter  Small-Signal  Short-Circuit  Current  Transfer  Ratio 
(lc  =  3.0  Adc.  VCE  ■  3  0  Vdc.  f  -  1.0  MHz) 

lh,el 

10 

200 

SWITCHING  CHARACTERISTICS 


RESISTIVE  LOAD  (Figure  21 


Delav  Time 

lvCC  "  30  Vdc'  'C  =  10  Adc-  1 B 1  =  0  '  Adc- 
tp  =  300  ms,  Duty  Cycle  ^  2.0%) 

'd 

0.15 

f*S 

Rise  Time 

tr 

MS 

Storage  Time 

(Vcc  "  30  Vdc.  Ic  "  10  Adc,  lB1  =  lB2  -  0 .1  Adc, 
tp  -  300  us.  Duty  Cycle  <  2.0%) 

<s 

MS 

Fall  Time 

'( 

7.0 

us 

"Indicates  JEDEC  Registered  Data 
(1)  Pulse  test:  Pulse  Width  <  300  ms.  Duty  Cycle  <  2.0%. 


FIGURE  1  -  RATED  FORWARD  BIASED 
SAFE-OPERATING  AREA 


40 


VCE,  COLLECTOR -EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of 
a  transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc~vCE  ''mits  of  the  transis- 
tor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figure  1  is  based  on  Tc  =  25°C;  Tjip^j  is  variable 
depending  on  power  level.  Second  breakdown  pulse  limits  are 
valid  for  duty  cycles  to  10%. 

TJ(pk)  m3V  be  calculated  from  the  data  in  Figure  6.  At  high 
case  temperatures  thermal  limitations  will  reduce  the  power  that 
can  be  handled  to  values  less  than  the  limitations  imposed  by 
second  breakdown. 
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2N6576,  2N6577,  2N6578 


MOTOROLA 


2N6591 
2N6592 
2N6593 


NPN  SILICON  ANNULAR 
HIGH  VOLTAGE  AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  horizontal  drive  applications,  high-voltage  linear 
amplifiers,  and  high-voltage  transistor  regulators. 


High  Collector-Emitter  Breakdown  Voltage  - 
B VcEO  *  250  Vdc  (Min)  @>  lc  =  1 .0  mAdc  - 

Low  Collector-Emitter  Saturation  Voltage  — 
VCE(sat)  "  1  -5  Vdc  (Max)  <°>  lC  [  200  mAdc 

Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  @  Ta  =  25°C 


2N6593 


DUOWATT 


NPN  SILICON 
AMPLIFIER  TRANSISTORS 


MAXIMUM  RATINGS 


Rating 


•Collector-Emitter  Voltage 


"Collector-Base  Voltage 


•Emitter-Base  Voltage 
•Collector  Current 


Continuous 
Peak  111 


•Total  Power  Dissipation  @  TA  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation  @  Tq  =  25°C 

Derate  above  25°C  

•Operating  and  Storage  Junction 
Temperature  Range 


•Solder  Temperature.  1/16"  from  Case 
for  10  Seconds 


Symbol     2N6591    2N6592  2N6593 


vCEO 


vCBO 


TJ-Tstg 


■  0.5- 
-  1.0- 


-2.0  - 
-16  ■ 


-10 
-80 


-260- 


Watts 
mW/°C 


Watts 

mW/°C 


^C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance.  Junction  to  Ambient 


Thermal  Resistance.  Junction  to  Case 


Symbol 


R8JA 


JV)C_ 


°c/w 


•  I  ndicates  JEDEC  Registered  Data. 

<1>PulfeT«t:  Pulie  Width  <  1 .0  mi.  Duty  Cycle*  50%. 


STYLE  !: 

PIN    t  EMITTER 

2.  BASE 

3.  COLLECTOR 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0  860 

0.880 

B 

9.91 

10.41 

0.390 

0.410 

c 

4.39 

4.65 

0.173 

0.183 

0 

0.98 

0  74 

0023 

0.029 

F 

356 

4.06 

0  140 

0  160 

G 

2.41 

267 

0.095  i  0  105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0019 

0.026 

K 

12.19 

12.95 

0.480 

0.510 

L 

1.66 

2.03 

0.065 

0080 

N 

9.91 

10  16 

0.390 

0  400 

Q 

3.56 

3.81 

0.140 

0.150 

R 

1.0? 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 

CASE  306-04 

TO  202AC 


.,2N6592,2N6593 


Characteristic 

Symbol                Mm                  Max  Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 

(IC  ■  1.0  mAdc,  lB  '  0)  2N6591 
2N659; 
2N659C 

BVCEO 

150 
200 
250 

Vdc 

Collector-Base  Breakdown  Voltage 

IIC  -  lOOuAdc.  IE  "  01  2N6591 
2N6592 
2N6593 

BVCBo 

150 
200 
250 

Vdc 

Emitter  Base  Breakdown  Voltage 
(lE  -  100  ^Adc,  lc  •  01 

BVEB0 

5.0 

Vdc 


Collector  Cutoff  Current 

IVCB  -  100  Vdc.  IE  =01  2N6591 
IVC8  =  150  Vdc.  IE  =  01  2N6592 
IVCB  =  200Vdc.  IE«0I  2N6593 



ICBO 

02 
0  2 
0  2 

uAdc 

Emitter  Cutoff  Current 
(VEB  =  5.0  Vdc.  IC  =  0) 

lEBO 

0.1 

MAdc 

ON  CHARACTERISTICSI1I 

DC  Current  Gain 

llc  =  10mAdc.  VCE  =  10  Vdcl  2N659 

I 

"FE 

40 
30 
30 
40 
40 
30 

250 
250 
250 

200 
200 
200 

2N6593 

llc  ■  100  mAdc.  VCE  '•  10  Vdc)  2N6591 
2N6592 
2N6593 

Collector  Emitter  Saturation  Voltage 
IIC  =  200  mAdc,  lB  =  20  mAdc) 

vCE(satl 

0.8 

Vdc 

Base-Emitter  On  Voltage 

llc  =  100  mAdc.  VCE  =  10  Vdc) 

VBE(on) 

1.0 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain  -  Bandwidth  Product 

<T 

35 

300 

MHz 

llc  -  50  mAdc,  VCE  -  20  Vdc.  f  -  20  MHz) 

Collector-Base  Capacitance 

(VCB  -  10  Vdc,  lE  =  0.  1  =  1 .0  MHz) 

Ccb 

12 

PF 



1  1 





"  Indicates  JEDEC  Registered  Data. 
(1 )  Pulse  Test :  Pulse  Width  ^  300  us.  Duty  Cycle  <2.0%. 


TYPICAL  CHARACTERISTICS 
FIGURE  1  -  CURRENT  GAIN  -  BANDWIDTH  PRODUCT 
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FIGURE  2  —  CAPACITANCE 
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2N6591,2N6592, 


2N6591,2N6592,  2N6593 


TYPICAL  C 


FIGURE  9  -  THERMAL  RESPONSE 


D  CURVES  APPLY  FOR  POWER 
PULSE  TRAIN  SHOWN 
READ  TIME  AT  If 
Duly  Cycle.  D  =  11/12  TJIpk)  -Tj  ■  P|pkl  R9JCIO 


600     1.0  k     2.0  k 


5.0k  10k     20k       50k  100 


FIGURE  10  -  ACTIVE  REGION  SAFE-OPERATING  AREA 


j  50 
30 

10 


Tc  ■ 25°C  _ 


<->   BONDING  WIRE  LIMIT 

 THERMAL  LIMIT  SINGLE  PULSE 

 SECOND  BREAKDOWN  LIMIT 

(Applies  Below  Rated  VceO) 

1   1  1  I  111  l_J  I    I  I 


3.0 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


200  300 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q— VcE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  10  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  10  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 1. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  9. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


FIGURE  11  -  POWER  DERATING 
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PNP  SILICON  POWER  TRANSISTOR 


The  2N6594  is  a  general-purpose,  EPI-BASE  power  transistor 
designed  for  low  voltage  amplifier  and  power  switching  applications. 
It  is  a  complement  to  the  NPN  2N6569. 


•  Safe  Open 


Area  -  Full  Power  Rating  to  40  V 
n  and  Speed 


12  AMPERE 
POWER  TRANSISTOR 
PNP  SILICON 

40  VOLTS 
100  WATTS 


'MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEOIsus> 

40 

Vdc 

Collector-Base  Voltage 

vCBO 

45 

Vdc 

Emitter-Base  Voltage 

Vdc 

vEBO 

5 

Collector  Current  -  Continuous 
-  Peak 

'C 

12 
24 

Adc 

Base  Current  -  Continuous 
-  Peak 

'B 

5 

10 

Adc 

Emitter  Current  -  Continuous 
-  Peak 

'e 

17 
34 

Adc 

Total  Power  Dissipation  @  Tc  ■  25°C 
Derate  above  25°C 

pD 

100 

0.572 

Watts 
W/°C 

Operating  and  Storage  Junction 

Tj.TStg 

-65  to  +200 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

1-75 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/16"  from  Case  for  10  seconds 

TL 

265 

°c 



STYLE  1 : 
PIN  I.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


NOTE: 

I.  DIM  "Q"  IS  DIA. 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

D  220 

J 

16.64 

17.15 

0.655 

0  675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

II 

26.67 

1.060 

Collector  ci 

CASE  11  01 
(TO-3) 
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2N6594 

-* 


"ELECTRICAL  CHARACTERISTICS  (Tc  -  2S°C  unless  otherwise  noted  ! 


t 


X 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
llc  -  200  mAdc,  Ifj  =  01 

VCEO(sus) 

40 

Vdc 

Collector  Cutoff  Current 

IVcEV  -  «5  Vac.  VBE(off)  f  1 .5  Vdcl 

IVCEV  "  45  Vdc.  VBE(o,()  =  1  5  Vac.  Tc  -  100°C) 

ICEV 

1 

10 

mAdc 

Emitter  Cutoff  Current 
(VEB-5Vdc.  IC-01 

lEBO 

 =  

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forw 
(VCE  =  40  Vdc.  t  -  1  s  (non-repetitive) I 

rd  Biased 

ISA 

2.5 

Adc 

ON  CHARACTERISTICS 



DC  Current  Gain 

(lc-4  Adc,VCE-3  Vdc) 

"FE 

15 

5 

200 
100 

(lC  -  4  Adc,  lB  =  0.4  Adc) 
(lc  -  12  Adc.  IB  -  2.4  Adc) 

vCE(sat) 

1.5 
4 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC  =  4  Adc,  lB  =0.4  Adc) 



vBE(sat) 

2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product 

(lC  -  1  Adc.  VCE  -  4  Vdc,  f  test  -  0.5  MHz) 

'T 

2.5 

25 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc.  IE  =  0.  f,es,  3  1  MHz) 

Cob 

100 

1000 

pF 

SWITCHING  CHARACTERISTICS 
RESISTIVE  LOAD 


Delay  Time 

(Vcc  "  30  Vdc.  Ic  =  2  Adc,  lB, 

-  0.2  Adc, 

'd 

0.4 

us 

Rise  Time 

tp  -  25  us.  Duty  Cycle  <  1%) 

tr 

1.5 

MS 

Storage  Time 

(Vcc-30  Vdc,  lc  =  2Adc,  lB1 
tp  -  25  us.  Duty  Cycle  <  1%) 

-  IB2  -  0.2  Adc, 

is 

5 

es 

Fall  Time 

«f, 

 ' 

1.5 

(is 

(1)  Pulse  T< 


JEDEC  Ri 
es,.PW  = 


Registered  Data. 

300  us.  Duty  Cycle  <  2%. 


FIGURE  1  -  SWITCHING  TIMES  TEST  CIRCUIT 


tr,tf  <  10  ns 
Duty  Cycle  ■  1.0% 


RB  and  Rc  Varied  to  Obtain  Desired  Current  Levels 
D1  must  be  fast  recovery  type. 
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2N6594 


R«JC('I  ■  'M  RoJC 
H»JC=  U5°C/W  M«x 

0  CURVES  APPLY  FOR  POWER 
PULSE  TRAIN  SHOWN 
READ  TIME  AT  t] 

Tj(pk)  -  Tc  -  P(pk)  RoJCItl 

LTL 

DUTY  CYCLE,  0  =  11/12 
II  I  


FIGURE  3  -  SAFE  OPERATING  AREA 
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VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTS] 


Safe  operating  area  curves  indicate  IcVqe  limits  of  the 
transistor  being  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than 
the  curves  indicate.  Figure  4  may  be  used  to  derate  the 
curves  shown  or  an  effective  Rfljcjt)  "fay  be  computed 
from  Figure  2  for  pulsed  operation. 


FIGURE  4  -  POWER  DERATING 
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2N6594 


FIGURE  5  —  DC  CURRENT  GAIN 


FIGURE  6  -  COLLECTOR  SATURATION  REGION 
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FIGURE  7  -  "ON"  VOLTAGES 


FIGURE  8  -  COLLECTOR  CUTOFF  REGION 


'BE 

:»u»'£ 

(l-H 

Hi 

10s, 

Mi 

n) 

Lav 

*<< 

V 

CE(at) 

HO* 

B  ' 

10—-^ 

- 

i2     03      0.5  a7      1  2       3         5      7  10 

IC.  COLLECTOR  CURRENT  (AMPERES) 


♦0.2        *0.1  0         -0.1        -0.2  -0.3 

VBE.  BASE-EMITTER  VOLTAGE  (VOLTS) 


3-294 


MOTOROLA 


2N6666 
2N6667 
2N6668 


P  200  mAdc 


PLASTIC  MEDIUM-POWER  SILICON  TRANSISTORS 

-  - .  designed  for  general -purpose  amplifier  and  low  speed  switching 
applications. 

•  High  DC  Current  Gain  — 

hpE  =  3500  (Typ)  @  lc  =  4  0  Adc 

•  Collector-Emitter  Sustaining  Voltage  —  @  '. 

VCEO(sus)  =  40  Vdc  (Min)  -  2N6666 
=  60  Vdc  (Min)  —  2N6667 
=  80  Vdc  (Min)  —  2N6668 

•  Low  Collector-Emitter  Saturation  Voltage  — 

vCE(sat)    =  2.0  Vdc  (Max)®  lc  =  3.0  Adc - 
VCE(sat)   =  2  0  Vdc  <Max>  @  >C  =  5.0  Adc  -  2N6667,  2N6668 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistors 

•  TO-220AB  Compact  Package 

•  Complementary  to  2N6386,  2N6387.  2N6388 


■ 2N6666 


DARLINGTON 
8  AND  10  AMPERE 

PNP  SILICON 
POWER  TRANSISTORS 


40-60-80  VOLTS 
65  WATTS 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 
Peak 


Base  Current 


Total  Device  Dissipation  ( 
Derate  above  25°C 


Tc=  25°C 


Total  Device  Dissipation  @  T^  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction. 
Temperature  Range 


Symbol  2N6666    2N6667  2N6668 


VCEO 


VCB 


VEB 


Pd 


pd 


TJ.  Tstg 


40 


60 


80 


80 
15 


10 
15 


10 
15 


-  65  - 
-052- 


—  20  - 
-0.016- 


Watts 

W/°C 


Watts 

W/°C 


THERMAL  CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

"9JC 

1  92 

°C/W 

Thermal  Resistance.  Junction  to  Ambient 

PflJA 

62  5 

°c/w 

4.0  80 

5  3.0  60 
< 

a 

1  2  0  40 

£ 

CE 

5- 

£  1.0  20 
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0 

FIGURE  1  -  POWER  DERATING 
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STYLE  1 

PIN  1   BASE  NOTES 

2  COLLECTOR       1  DIMENSION  H  APPLIES  TO  ALL  LEADS 

3  EMITTER  2  DIMENSION  L  APPLIES  TO  LEADS  1 

4  COLLECTOR  AND  3 


DIM 

MILLIMETERS 

INCHES 

MIN    1  MAX 

MIN 

MAX 

A 

14  60  1  1575 

0  575 

f!  620 

■ 

9.65 

1029 

0380 

0  405 

C 

406 

482 

0  160 

0  190 

D 

0  64      0  89 

0  025 

0035 

F 

3.61 

3  73 

0  142 

0  147 

G 

2  41 

267 

0  095 

1]  105 

H 

2  79 

393 

0.110 

0  155 

J 

036 

0  56 

0014 

0  022 

K 

12  70 

14  27 

0  500 

0  562 

L 

1.14 

1  39 

0045 

0  055 

N 

4.83 

5  33 

0  190 

0.210 

0 

2.54 

3.04 

0  100 

0  120 

R 

2.04 

2  79 

0080 

0  110 

S 

1.14 

1  39 

0  045 

0  055 

T 

597 

6  48 

0  235 

0  255 

u 

0.00 

1.27 

0  000 

0.050 

» 

1.14 

0.045 

1 

203 

0  080 

CASE  221A-02 

TO-220AB 
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2N6666,  2N6667,  2N6668 


'ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 

vCE0(sus) 

Vdc 

<IC  =  200  mAdc,  lB  =  0| 

2N6666 

40 

2N6667 

60 

— 

2N6668 

80 

— 

Collector  Cutoff  Current 



ICEO 

mAdc 

lvCE  =  40  Vtlc'  'B  =  01 

2N6666 

1 .0 

(VCE  -  60  Vdc,  lB  =  0) 

2N6667 

— 

10 

(VCE  =  80  Vdc.  IB  =  0) 

2N6668 

— 

1.0 

Collector  Cutoff  Current 

ICEX 

MAdc 

(VCE  =  40  Vdc.  VEB(0ff)  =  1  5  Vdc| 

2N6666 

— 

300 

(Vce  =  60  Vdc.  VgB(off)  =  1  5  vdc> 

2N6667 

— 

300 

(VCE  =  80  Vdc.  VEB(off)  =  1  5  Vdc) 

2N6668 

300 

(VCE  =  40  Vdc.  VEB(off|  =1.5  Vdc,  Tc  =  1 25°C) 

2N6666 

— 

3.0 

mAdc 

|VCE  =  60  Vdc.  VEB(ofll  =  1 .5  Vdc,  Tc  =  1 25°C) 

2N6667 

3.0 

(vqe    du  vnc,  vEB(orf)     13  vac,  ' c     1  "  °' 

2N6668 

3.0 

Emitter  Cutoff  Current 

'EBO 

5.0 

mAdc 

(VBE  =  5  0  Vdc.  IC  =  0) 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

nFE 

|IC  =  3.0  Adc,  VCE  =  3  0  Vdc) 

2N6666 

1000 

20000 

flC  =  S  O  Adc.  VcE  =  3.0  Vdc) 

2N6667,  2N6668 

1000 

20000 

He  =  8  0  Adc,  VCE  =  3.0  Vdc) 

2N6666 

100 

(IC  =  10  Adc.  VcE  =  3.0  Vdc) 

2N6667,  2N6668 

100 

Collector-Emitter  Saturation  Voltage 

vCE(sat) 

Vdc 

(lC  ■  3  0  Adc.  IB  =  0.006  Adc) 

2N6666 

20 

(lC=5.0Adc,  tB  =  0  01  Adc) 

2N6667.  2N6668 

20 

(lc  =  8.0  Adc,  lB  =  0  08  Adc) 

2N6666 

30 

(lc=  10  Adc.  IB  =  0.1  Adc) 

2N6667,  2N6668 

3.0 

Base-Emitter  Saturation  Voltage 

vBE(sat) 

Vdc 

dC  =  3  0  Adc,  Vce  *.  3  0  Vdc) 

2N6666 

2.8 

dc  =  5.0  Adc.  VCE  =  3.0  Vdc) 

2N6667:  2N6668 

28 

(lC  =  8.0  Adc,  VCE  =  3.0  Vdc) 

2N6666 

4  5 

(lC=10Adc.  VCE  =  3.0Vdc) 

2N6667,  2N6668 

4.5 

DYNAMIC  CHARACTERISTICS 


Small-Signal  Current  Gain 
(lc  =  1 .0  Adc,  VCE  =  5  0  Vdc,  ftest  =  1  -0  MHz) 

l"fel 

20 

Output  Capacitance 
(VCB=  10 Vdc,  lE  =  0.f  =  1.0  MHz) 

C0b 

200 

pF 

Small-Signal  Current  Gain 

h(e 

1000 

0C  =  1  0  Adc.  VCE  =  5  0  Vdc,  f  =  1 .0  kHz) 

'Indicates  JEDEC  Registered  Data 

(1 )  Pulse  Test:  Pulse  Width  <  300  pS,  Duty  Cycle  ^  2.0%. 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 


Rfl  4  Ac  VARIEO  TO  OBTAIN  0ESIRE0  CURRENT  LEVELS 
Oi.  MUST  BE  FAST  RECOVERY  TYPES,  t  g 

UBO5300  USE0  ABOVE  la  *  100  mA 

WSO6IO0  USED  BELOW  I $  *  100  mA 


FIGURE  3  —  SWITCHING  TIMES 


.10  V 
VI 

H 

-1!V 

V.I 

 !S,< 

DUTY  CYCLE • 

UN 

0.3      0.5  0.7    1  0         2.0  3.0 
lC.  COLLECTOR  CURRENT  |AMPSI 
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FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  S  -  SAFE  OPERATING  AREA 


Tj=  150°C 
-  Bonding  Wire  Limit 
-Thermal  Limit  @  Tq  =  25°C 
-Second  Breakdown  Limit 
Curves  Apply  Below  Rated  V££Q 
2N6666 
2N6667 
2N6668 


2  0    3  0      5  0  7  0    10  20     30  50 

VC£.  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate \q  —  Vqe  limits  of  the 
transistor  that  must  be  observed  for  reliable  operation;  i.e..  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate 

The  data  of  Figure  5  is  based  on  Tj(p|<)  =  1 50°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are 
valid  for  duty  cycles  to  1 0%  provided  Tj(p|<)  <  1 50°c  T j|p|,)  may 
be  calculated  from  the  data  in  Figure  4.  At  high  case  temper- 
atures, thermal  limitations  will  reduce  the  power  that  can  be 
handled  to  values  less  than  the  limitations  imposed  by  second 


FIGURE  6  -  SMALL-SIGNAL  CURRENT  GAIN 


FIGURE  7  -  CAPACITANCE 


1.0     2.0  3.0  5.0  7.010      20  30    50  70  100    200300  500 
I,  FREQUENCY  |kH;| 


1  1 

h 

= 

25° 

- 

c 

b 

0  5     1.0      2.0       5  0      10  20 
Vr.  REVERSE  VOLTAGE  (VOLTSI 


50  100 
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FIGURE  10  —  "ON"  VOLTAGES  FIGURE  11  -  TEMPERATURE  COEFFICIENTS 


FIGURE  12  -  COLLECTOR  CUT-OFF  REGION  FIGURE  13  -  DARLINGTON  SCHEMATIC 


3-298 


® 


2N6676 
2N6677 
2N6678 


NPN  SILICON  POWER  TRANSISTORS 

The  2N6676,  2N6677  and  2N6678  transistors  are  designed  for 
ligh  voltage  switching  applications  such  as: 


•  Off-Line  Power  Supplies 

•  Converter  Circuits 

•  Pulse  Width  Modulated  Regulators 
Specification  Features  — 

High  Voltage  Capability 
Fast  Switching  Speeds 
Low  Saturation  Voltages 
High  SOA  Ratings 


MAXIMUM  RATINGS 


Rating 

Symbol 

2N6676 

2N6677 

2N6678 

Unit 

Collector  Emitter  Voltage 

VCEV 

450 

550 

650 

Vdc 

Collector  Emitter  Voltage 

VCEX 

350 

400 

450 

Vdc 

Collector  Emitter  Voltage 

vCEO 

300 

350 

400 

Vdc 

Emitter  Base  Voltage 

vEBO 

8 

Vdc 

Collector  Current  -  cont 
•  peak 

ic 

ICM 

15 
20 

Adc 

Base  Current  -  cont 

5 

Adc 

IB 

Power  Dissipation  Tq  =  25°C 

PT 

175 

Watts 

Derate  above  25°C 

1 

W/°C 

Operating  and  Storage 
Junction 

Tj; 

Tstg 

-65  to  200 

°C 

Thermal  Resistance  Junction 
to  Case 

RflJC 

1.0 

°C/W 

Maximum  Lead  Temperature 
At  Distance  >  1  /1 6  in. 
(1 .58  mm)  from  seating 
plane  for  10  s  max. 

235 

°C 

15  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

300.  350.  400  VOLTS 
175  WATTS 








STYLE  1 

PIN  t.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

I 

21.08 

SS30 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

109 

0.038 

0  043 

E 

1.40 

1.78 

0.055 

0  070 

F 

30.15  BSC 

1.187  BSC 

G 

10.92  BSC 

0  430  BSC 

H 

5  46  BSC 

0  215  BSC 

J 

16.89  BSC 

0.665  BSC 

K 

11.18 

12,19 

0.440 

0  480 

0 

3.81 

4  19 

0.150 

0  165 

R 

26.67 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0  165 

CASE  105 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted.) 


Unit 


OFF  CHARACTERISTICS 


Collector  Cutoff  Current 
(VCE  =  Rated  VCEV.  VBEIoff|  =  -1  5  Vdc) 
(VCE  =  Rated  VCEV.  VBE(off).  TC  =  100°CI 

'CEV 

0.1 
1.0 

mA 

Emitter  Cutoff  Current 
(VEB  =  8  0  Vdc,  lC  -  0| 

'EBO 

2.0 

mA 

Collector-Emitter  Sustaining  Voltage 
(lC  «  200  mA,  lB  =  0) 

2N6676 
2N6677 
2N6678 

vCEO(susl 

300 
350 
400 

Vdc 



Collector-Emitter  Sustaining  Voltage 
»C=  15A.Vc|arnp=RatedVCEXl 

2N6676 
2N6677 
2N6678 

vCEX(sus) 

350 
400 
450 

Vdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

IS/b 

See  Figure  1 



Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  2 

ON  CHARACTERISTICS 

DC  Current  Gain 
(lc  =  15  A.  VCE=  3  0  V) 

nFE 

80 

Base  Emitter  Saturation  Voltage 
(IC  =  IS  A.  IB=3.0A| 

vBE(sat) 

1  5 

Vdc 

Collector-Emitter,  Saturation  Voltage 
(IC  =  15  A.  IB=  3.0  A) 
(lC=15A.  IB  =  3.0A,  TC=100°C) 

vCE(sat) 

1.5 
20 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain 
(lc  =  1  OA,  VCE=  10  Vdc,  f  =  5  0  MHz) 

Infel 

30 

10 

MHz 

Output  Capacitance 
(lc  =  1.0  A,  VCB=  10  Vdc.  f  =  0  1  MHz| 

Cob 

150 

500 

pF 

SWITCHING  CHARACTERISTICS 


Resistive  Load 

Delay  Time 

VCc  =  200  V,  IC  =  1 5  A. 

lB1  ■  !B2  =  3  0  A  <p  =  20  MS, 
Duty  Cycle  <  2.0% 
VBB  =  6.0V.  RL=  13.5(1 
(See  Figure  31 

<d 

0.1 

MS 

Rise  Time 

>r 

0.6 

Storage  Time 

TC  =  25°C 

's 

2  5 

FallT,me 

N 

0  5 

Delay  Time 

TC=  100°C 

id 

0  4 

Rise  Time 

>r 

10 

Storage  Time 

•« 

4.0 

Fall  Time 

tf 

- 

Inductive  Load 

Cross  Over  Time 

L=50^H 

Vclamp  =  Rated  Vcex 
(See  Figure  3| 

TC  =  25°C 

0.5 

MS 

TC  = 100-C 

0.8 
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FIGURE  1  -  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA 


0.03 
0.02, 


200   300  400 


FIGURE  2  -  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPERATING  AREA 

16 
14 

12 
10 
80 
6  D 
40 
20 
0 


Tcs!  100°C 

Vnc/„„i  =  1  0  10 

6  0  volts 

N667E 

!N6677 
2N6B7E 

-  1 

1             100  2C 

0            300            400  50 

SAFE  OPERATING  AREA  INFORMATION 


ECTOR  TO  EMITTER  VOLTAGE  (VOLTS) 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc — Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e..  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Trj  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  1 0%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base-to-emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  2 
gives  the  RBSOA  characteristics. 
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FIGURE  3  -  SWITCHING  TIME  MEASUREMENTS 
FOR  2N6676,  2N6677.  AND  2N6678 


o  001 mf  ; 


1N914 


0.005  MF 


2.2 
-WV- 


!  0... 
.  24 


50  i*  F 


50 


— - 
— 


Min 
Freq  =  500  Hz 


— VvV  

Q1.Q2  «  2N6350 

03  =  2N3762 

Q4,  Q5.  Q6.  Q7  =  CA3725  Quad  Transistor  Array 


VB2 
Adj  For  Ig2 


NOTE:  Battery  symbols  Vcc.  VB1 .  VB2.  VB(ciarnp) 
indicate  rigorously  filtered  voltage  sources 
at  the  circuit  terminals  to  accommodate  the 
fast  rise  and  fall  times  and  high  currents  pre- 
sent in  the  circuit. 

NOTE:    SW1  closed  for  tr.  ts.  tf.  SW1  open  for  tc. 

td  =  A-B 
Tr  =  B-C 
ts  =  X-Y 
t,=  Y-Z 
^ransistion  "  X-W 

NOTE:  TRANSITION  TIME  FROM  90% 
IB1  to90%IB2MUST  BE  LESS 
THAN  0.5 
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2N6834 


Designer's  Data  Sheet 


SWITCHMODE  III  SERIES 
NPN  SILICON  POWER  TRANSISTORS 


These  transistors  are  designed  for  high -voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  is  critical.  They 
are  particularly  suited  for  line-operated  switchmode  applications. 
Typical  Applications: 

•  Switching  Regula 

•  Inverters 

•  Solenoid  and  F 

•  Motor  Controls 

•  Deflection  Circuits 

•  Fast  Turn-Off  Times 

50  ns  Inductive  Fall  Time  —  75°C  (Typ) 
70  ns  Inductive  Crossover  Time  —  75°C  (Typ) 
500  ns  Inductive  Storage  Time  —  75°C  (Typ) 

•  Operating  Temperature  Range  -65  to  +150°C 

•  100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
)  Voltages 
s  Currents 


MAXIMUM 


NPN  SILICON 
POWER  TRANSISTORS 

4S0  VOLTS 
80  and  126  WATTS 


Symbol 

2N6833 | 2N6834 

Unit 

Collector-Emitter  Voltage* 

vCEO(sus) 

450 

Vdc 

Collector-Emitter  Voltage" 

VCEV 

850 

Vdc 

Emitter  Base  Voltage* 

VEB 

60 

Vdc 

Collector  Current  —  Continuous* 
—  Peak  (1 1 

ic 

'cm 

5.0 
10 

Adc 

Base  Current  —  Continuous* 
-PeakO) 

IB 
>BM 

4.0 
8.0 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C* 
@TC=  100°C* 

Derate  above  25°C* 

PD 

80 
32 
0.64 

125 
71.6 
0.714 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range* 

Tj.  Tstg 

-65  to 
♦  150 

-65  to 
+200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

2N6833 

2N6834 

Unit 

Thermal  Resistance.  Junction  to  Case* 

R»jc 

1.56 

1.40 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds* 

TL 

275 

°c 

(1 )  Pulse  Test:  Pulse  Width  ■  5.0  ms.  Duty  Cycle  =S  10%. 
'Indicate  JEDEC  Registered  Data 

2N6833 


r 


STYLE  1 

PIN  1  BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


J  lu   i  1,-arh 

FTP 


n 


IS  75  ,  05?5  _  0  620 


_4  82    D  1 60  _  0  1 90 


BB9  j  0025  0035 


3  61  .  3  73  ,  0  142    D  147 


CASE  221A-02 
TO  220AB 


mm  QibS 


0  HI  4    0  022 


0I9O    a  2I0 


0.106    0  120 


1  14  :    1  39  :  0  045    P  055 


!  27    0  000    0  050 


2  03  i 


Designer's  Data  for  "Worst  Case''  Conditions 

The  Designer's  Data  Sheet  permits  the  design  of  most  circuits  entirely  from  the  infor- 
mation presented.  Limit  data  —  representing  device  characteristics  boundaries  —  are 
given  to  facilitate  "worst  case"  design. 


DIM 

MILllMfTiRS 

INCHES 

WIN 

MAX 

WIN 

MAX 

A 

39  37 

1  bill 

B 

21.08 

o  sm 

C 

6  3S 

.'  62 

ii  m 

!i  3U0 

b 

09) 

t  09 

0.038 

0.043 

t 

1  -1(1 

1.7B 

0  'Jb:. 

0.0,0 

F 

jS  1 

BSC 

i  i a  bsc 

G 

:  j  ■= 

BSf 

0  •  30  BSC. 

H 

M 

BS( 

0.215  BSC 

J 

;i  e 

BSC 

0.665  BSC 

K 

ii  ia 

17  19 

: 

0  480 

0 

3  8: 

4  19 

0  1  &o 

0  165 

H 

?ss; 

u 

«4 

S33 

0  190 

3.8, 

419 

o  ra) 

CASE  1-06 
TO-204AA  (Formerly  TO-3) 
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Collector-Emitter  Sustaining  Voltage  (Table  2) 
(lC=  100  mA.  IB  =  0> 


VcEO(sus) 


Collector  Cutoff  Current 
(VCEV  ■  850  Vdc.  VBE(off)  "  '  5  Vdc) 
(VCEV'850Vdc.  VBE(off)  = 


!CEV 


025* 
1.5* 


Collector  Cutoff  Current 
(VCE  =  850  Vdc,  RBE  =  50  0,  TC  =  1 00°C) 


2.5 





Emitter  Cutoff  Current 
(VEB  =  6  0  Vdc.  Iq  =  0) 


'EBO 





t.O» 




mAdc 





SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Fo 

srd  Biased 

IS/b 

See  Figures  15"  and  16* 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1 7 

ON  CHARACTERISTICS  (1 ) 

Collector-Emitter  Saturation  Voltage 
(IC=  1.5  Adc.  Ib  =  0.1 5  Adc) 
(lc=3.0Adc.  IB  =  0.4  Add 
(lC  =3.0  Adc.  IB  =  0.4  Adc.  TC  =  1 00°C) 

VcE(sat) 

10 

2.5* 
25* 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  3.0  Adc.  IB  =  0  4  Add 
dC  =  3.0  Adc.  IB  =  0  4  Adc.  Tc  =  100-C) 

VBE(sat) 

15* 

1.5 

Vdc 

DC  Current  Gain 
dC  =  3.0  Adc.  VCE  =  5  0  Vdc) 
dC  =  5.0  Adc.  VCE  =  5.0  Vdc) 

nFE 

7.5* 
5.0 

30* 

'  

1  ' 

DYNAMIC  CHARACTERISTICS  (2) 


Current  Gain  -  Bandwidth  Product 
(VCE  =  10  Vdc.  IC  =  0.25  Adc.  ftest  =  10  MHz) 

<T 

15" 

75* 

MHz 

Output  Capacitance 

Cob 

20* 

200* 

pF 

(VCB  =  10  Vdc.  IE  =  0.  f,est  =  1  0  kHz) 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

(lc  =  3.0  Adc. 
Vcc  =  250  Vdc. 
IB1  =  0  4  Adc. 
PW  =  30  »s. 
Duty  Cycle  €2.0%) 

<IB2  =  0  8  Adc. 
RB2  =  80(1) 

'd 

30 

100* 

ns 

Rise  Time 

<r 

100 

300* 

Storage  Time 

's 

1000 

3000* 

Fall  Time 

tf 

60 

300* 

Storage  Time 

(VBE(off)=5.0Vdc) 

>s 

400 

Fall  Time 

•f 

130 

Inductive  Load  (Table  2) 

_ 

Storage  Time 

(lc  =  3  0  Adc. 
IB1  =  0.4  Adc. 
VflE(off)  =  5.0  Vdc. 
vCE(pk]  =  "00  Vdc) 

Fc  = 

100°C) 

[SV 

500 

1600- 

ns 

Fall  Time 

tfi 

100 

200* 

Crossover  Time 

>c 

120 

250* 

Storage  Time 

(Tc 

1 50°C| 

'SV 

600 

Fall  Time 

tf, 

120 

Crossover  Time 

tc 

160 

 1 

'  

1 1 )  Pulse  Test   PW    300  ^s.  Duty  Cycle  s,2% 
(2|fT  =  |hfe|f,es, 
■Indicates  JEDEC  Registered  Limn 
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IC.  COLLECTOR  CURRENT  [AMPSI  I&  BASE  CURRENT  (AMPS) 


FIGURE  5  —  COLLECTOR  CUTOFF  REGION  FIGURE  6  —  CAPACITANCE 


Vbe.  BASE  EMITTER  VOLTAGE  (VOLTSI  Vr.  REVERSE  VOLTAGE  (VOLTS) 
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10  2  0  3  0 

IC.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  9  -  COLLECTOR  CURRENT  FALL  TIME 


FIGURE  10—  COLLECTOR  CURRENT  FALL  TIME 


0  7  1.0  2  0  3  0 

10  COLLECTOR  CURRENT  (AMPS) 


FIGURE  1 1  -  CROSSOVER  TIME  FIGURE  12  -  CROSSOVER  TIME 


lC.  COLLECTOR  CURRENT  (AMPS)  lC.  COLLECTOR  CURRENT  (AMPS) 
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FIGURE  13  —  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  14  -  PEAK  REVERSE  BASE  CURRENT 


>SI 

■  0  6  A  J 

■bi 

0.3  A 

ic  = 

10  A 

25°C 

20  30  40  50  60  7.0 
VbeioIII  REVERSE  BASE  VOLTAGE  (VOLTS) 


GUARANTEED  SAFE  OPERATING  AREA  LIMITS 


FIGURE  15  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 
(2N6833I 


FIGURE  16  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 
(2N6834) 


-BONDING  WIRE  LIMIT 
-THERMAL  LIMIT 
-SECOND  BREAKDOWN  LIMIT 


5.0  7.0    10  20     30       50  70 

VC£.  COLLECTOR  -  EMITTER  VOLTAGE  (VOLTS} 


200   300  450 


I  III       II       I     M   I  I  I 


:5; 


10  20  50    70    100        200   300  450 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc— Vqe 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  1 5  and  1 6  are  based  on  Tq  =  25°C; 
TJ(pk)  is  variable  depending  on  power  level.  Second  break- 
down pulse  limits  are  valid  for  duty  cycles  to  1 0%  but  must 
be  derated  when  Tc  >  25°C.  Second  breakdown  limita- 
tions do  not  derate  the  same  as  thermal  limitations.  Allow- 
able current  at  the  voltages  shown  on  Figures  1 5  and  1 6 
may  be  found  at  any  case  temperature  by  using  the  appro- 
priate curve  on  Figures  1 8  or  1 9. 

TJ(pk)  maV  be  calculated  from  the  data  in  Figures  20  or 
21  At  high  case  temperatures,  thermal  limitations  will 


reduce  the  power  that  can  be  handled  to  values  I 
the  limitations  imposed  by ! 


sthan 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base-to-emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage- 
current  condition  allowable  putting  reverse  biased  turn- 
off.  This  rating  is  verified  under  clamped  conditions  so 
that  the  device  is  never  subjected  to  an  avalanche  n 
Figure  1 7  gives  the  RBSOA  characteristics. 
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FIGURE  17  -  MAXIMUM  REVERSE 
SAFE  OPERATING  AREA 


0 

0      100  200 


PI  *■  *» 
TisJ  I00°C 

-vBE 

oHI  = 

0T0 
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VBI 
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VCE(pk|.  PEAK  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  18  —  POWER  DERATING 
(2N6S33I 


FIGURE  19  -  POWER  DERATING 
(2N6834) 


60  80  100         120  140 

Tc.  CASE  TEMPERATURE  I°C1 


160 


TABLE  1  -  RESISTIVE  LOAD  SWITCHING 

ov 


Equiv 

— L0.  

I  W»  

RB  =  33  n 

50  5 


■,'B 


— 


1 


vCc  ± 


ov 


VCC  =  250  Vdc 
RL  =  83  n 
IC  =  3.0  Adc 
lB  =  0.4  Adc 


I,  <  1 6  ns 

"Tektronix 
P-6042  or 
Equivalent 


•IB 


TUT    ,-1!!-,  1 

|  -'c  K 

v,  1 


VCC  =  250  lB1  =  0.4  Adc 

R[_  =  83  II  lB2  =  0.8  Adc 

lc  =  3  0  Adc         For  VBE(o(f|  = 


VCC  j 

RB,  =33  11 
RB2  =  80n 


•Note  Ad|ust  -V  to  obtain  desired  VBE(o<f)  al  p°'"'  A 


2N6833,  2N6834 


TABLE  2 


E  LOAD  SWITCHING 


H  P  214 
or  Equiv 
P  G 


0 
35 


2T 


20 
f.  10„F 


0  02»iF 
— *— 


iooJ' 


7^  0  02  „F 
1  0  uF 


«B1 


RB2  ^ 


100 


'C(pk) 


_  Lcoil  I'Cpk) 
VCC 

d  lo  obtain  lc|pkl 


vCE(pk)  • 


VCE- 


v(BR)CEO 

L  =  10  mH 

RB2  =  = 

VCC  =  20  Volts 

•Tektronix 
P  6042  or 
Equivalent 


Inductive  Switching 

L=  200  „H 

RB2  =  0 

Vcc  =  20  Volts 

Rgl  selected  for  desired  Igi 

Scope  -  Tektronix. 
7403  or 
Equivalent 


RBSOA 

L=  200  ,,H 

RB2  =  0 

VCC  =  20  Volts 

RBI  selected  for  desired  Irjt 


Note  Ad|ust  -V  to  obtain  desired  VgE(off)  a'  p°ml  A 
TYPICAL  INDUCTIVE  SWITCHING  WAVEFORMS 


<fi.  <c 


'Clpk)  =  3.0  Amps 
lB1  =  0.4  Amp 
VBE(off|  ■  5  0  Volts 
vCE(pk)  =  400  Volts 
TC  =  25°C 
Time  Base  = 
20  ns/cm 

lQpk|  =  3.0  Amps 
Ir1  =  0.4  Amp 
vBE(off)  =  5.0  Volts 
vCE(pk)  =  "00  Volts 
TC  = 25°C 
Time  Base  = 
20  ns/cm 
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Designer's  Data  Sheet 


SWITCHMODE  III  SERIES 
FAST  NPN  SILICON  POWER  TRANSISTORS 


These  transistors  a  re  designed  for  high-voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  iscritical.  They 
are  particularly  suited  for  line-operated  switchmode  applications. 


•  Inverters 

•  Motor  Controls 

•  Deflection  Circu 


•  Fast  Turn-Off  Times 

90  ns  Inductive  Fall  Time  —  75°C  (Typ) 


90  ns  Inductive  Crossover  Time  - 
450  ns  Inductive  Storage  Time  - 


-  75°C  (Typ) 
75°C  (Typ) 


•  Operating  Temperature  Range  -65  to  +200°C 

•  1 00°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  \ 


•MAXIMUM  RATINGS 


8  AMPERE 


NPN  SILICON 
POWER  TRANSISTORS 


450  VOLTS 
1 50  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits 
the  design  of  mostcircuits  entirelyf  rom 
the  information  presented.  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
"worst  case"  design. 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter  Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous 
—  Peak(1) 

ic 

'CM 

8.0 
16 

Adc 

Base  Current  —  Continuous 
—  Peakd) 

IB 
'BM 

6.0 
12 

Adc 

Total  Power  Dissipation  @  Tc  «  25°C 
@TC=  10O°C 

Derate  above  25°C 

Pd 

150 
85.5 
086 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  +200 

°C 

•THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R«jc 

117 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5.0  Seconds 

tl 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  =  5.0  ms.  Duty  Cycle  «  10%. 
'Indicate  JEDEC  Registered  Data 

=3: 


17E 


STYLE  I 

PIN  I,  BASE 

I  EMITTER 

CASE  COLLECTOR 


NOTES 

1  DIMENSIONS  0  AND  V  ARE  DATUMS 

2  CO  IS  SEATING  PLANE  AND  DATUM. 
3.  POSITIONAL  TOLERANCE  FOR 

MOUNTING  HOLE  0  

|   ♦  1  H31OOOSI0  |  T  |v®1 
FQfl  LEAPS  

|  ♦  |  H310.00il©T  |  y©|  a©] 


OIH 

MILLIMETERS 

INCHES 

MIN  I  MAX 

MIN 

MAX 

A 

39.37 

1.550 

1 

71  08 

0130 

c 

6.1S 

7.62 

0  7b0 

0300 

D 

0.97 

1.09 

0  038 

0.043 

f 

140 

1.7* 

0  fe 

0070 

F 

30  1 

BSC 

IS 

BSC 

C 

109 

ss: 

0430  BSC 

H 

5* 

BSC 

0  2'5  BSC 

I 

16  8 

BSC 

066S  BSC 

K 

n  is 

12  13 

0  440 

0.410 

0 

3  81 

1.11 

:  1 50 

0  165 

I 

76  5. 

4  83 

5  33 

ri  190" 

V 

3  81 

4  19 

MM 

0  166 

CASE  1-05 
TO-204AA  Type 
(TO-3  Type) 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


OFF  CHARACTERISTICS  (1) 

Collector-Emitter  Sustaining  Voltage  (Table  2) 
(lc  =  100  mA  lB  =  0| 

VcEO(sus) 

450- 

Vdc 

Collector  Cutoff  Current 
(VCEV  =850  Vdc,  VBE(0„|  =  1 .5  Vdc) 
(VCEV  =850  Vdc,  VBE|0ff|  =  1 .5  Vdc.  Tc  =  1 00°C) 





'CEV 





0.25' 
1  5- 

mAdc 

Collector  Cutoff  Current 
(VCE  =  850  Vdc.  RBE(off|  =  50  fl.  Tc  =  1 00°C) 

ICER 

2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6  0  Vdc.  Ic=  0) 

!eBO 

1  o- 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  For 

ward  Biased 

IS/b 

See  Figure  15 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 



RBSOA 

See  Figure  16 

ON  CHARACTERISTICS  (1) 



Collector-Emitter  Saturation  Voltage 
(lc  =  3.0  Adc.  IB  =  0.40  Add 
(lC  =  5.0  Adc.  IB  =  0.66  Adcl 
(lC  =  5.0  Adc.  IB  =  0.66  Adc,  Tc  =  1 00°C) 

VcE(sat) 

1.2 
2.5' 
3.0" 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  5.0  Adc,  lB  =  0.66  Adc| 
(lC  =  5.0  Adc.  IB  =  0.66  Adc,  Tc  =  100°C) 

VBE(sat) 

1,5* 
1.5 

Vdc 

DC  Current  Gain 
(lc  =  5.0  Adc,  VCE  =  5.0  Vdc) 
dc  =  8.0  Adc.  VCE  *  5.0  Vdc) 

hFE 

7.S* 
4.0* 

30- 

— 

DYNAMIC  CHARACTERISTICS  (2) 

Current  Gain  -  Bandwidth  Product 
(VCE  =  10  Vdc,  lc  =  0.25  Adc.  fles,  =  1 0  MHz) 

n 

10* 

75" 

MHz 

Output  Capacitance 
(VCB=  10  Vdc,  lE  =  0,  ftes,=  1  0  kHz) 

Cob 

50" 

350' 

pF 

SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1 ) 

Delay  Time 

(lc  =  5.0  Adc, 
Vcc  =  250  Vdc. 
lBl  =  0.66  Adc. 
PW  =  30  Ms, 
Duty  Cycle  <2.0%) 

(lB2=13Adc, 
RB2=4.0n) 

td 

v 

50- 

ns 

Rise  Time 

'r 

85 

250* 

Storage  Time 

•s 

1000 

2500* 

Fall  Time 

If 

70 

250* 

Storage  Time 

(VfJE(off)  =  5-0  Vdc) 

's 

500 

Fall  Time 

If 

100 

Inductive  Load  (Table  2) 

Storage  Time 

(lC  =  5.0  Adc. 
IB1  =  0.66  Adc. 
vBE(off)=  5.0  Vdc. 
vCE(pk)=400Vdc) 

(TC=  100°C) 

'SV 

700 

1800* 

ns 

Fall  Time 

tfi 

80 

200* 

Crossover  Time 

'c 

150 

250" 

Storage  lime 

(TC  =  1  50»C) 

I  1 

Isv 

800 

Fall  Time 

tf, 

80 

Crossover  Time 

'c 

200 

(1 1  Pulse  Test  PW  -  300  „s.  Duty  Cycle  S2% 

(2)fT=|ta»|ftMi 

•Indicates  JEDEC  Registered  Limit 
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lc,  COLLECTOR  CURRENT  (AMPS)  iB.  BASE  CURRENT  (AMPSi 
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FIGURE  7  -  STORAGE  TIME 


FIGURE  8  —  STORAGE  TIME 


l6  COLLECTOR  CURRENT  (AMPS) 


lc.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  9  -  COLLECTOR  CURRENT  FALL  TIME  FIGURE  10  -  COLLECTOR  CURRENT  FALL  TIME 


1.0  2.0  3.0  50         7.0  10  1.0  2.0  3  0  5.0        7.0  10 

IC.  COLLECTOR  CURRENT  (AMPS)  lc.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  1 1  -  CROSSOVER  TIME  FIGURE  12  —  CROSSOVER  TIME 


IC.  COLLECTOR  CURRENT  (AMPS)  lc  COLLECTOR  CURRENT  (AMPS) 
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GUARANTEED  SAFE  OPERATING  AREA  LIMITS 


FIGURE  15  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


FIGURE  16  -  MAXIMUM  REVERSE  BIAS 
SAFE  OPERATING  AREA 


ft 

5S4.0 

<  100 

Tj 

>C 

off)  = 

0T0 

i.O  V- 

|ofl)  = 

OV' 

-vBe 

10  20  90         100        200   300  450 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


400 


600 


800  850 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc— VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  15  is  based  on  1q-  25°C;  ~Ij{pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  whenTcS=  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 5  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  18. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  17. 
At  high  case  temperatures,  thermal  limitations  will  reduce 


SAFE  OPERATING  AREA  I 


VcE(pk)-  «A«  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


1000 


the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  t 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base-to-emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1 6 
gives  the  RBSOA  characteristics 
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FIGURE  17  -  THERMAL  RESPONSE 


U  40 


S*con 

ng 

down 

Deal 

Therms 
Deraiift 

\, 

80  120  ISO  200 

Tc.  CASE  TEMPERATURE  !°C) 


TABLE  1 


♦  Vdc  =  1 1  Vdc 


  Ul  u  t  ^  i 

RB  =  2on  "^i  ? 

vec  ± 


I 


Vqc  =  250  Vdc 
R|_  =  50  n 
lc=5.0Adc 
IB  »  0  5  Adc 

"l  1  V 


I,<l5ns 


"Tektronix 
P-6042  or 
Equivalent 



o)    m  ffir 


•IB 


Vrc  ^ 
I 


Vcc=250Vdc  lB1=0.5Adc  RBi=201! 
RL=50!1  lB2=1.0Adc  RB2  =  4.011 

IC  =  5.0  Adc         For  VBE(offl  =  5.0  V  RB2  =  0  11 


I' 


*  Note   Adjust   V  to  obtain  desired  VBE(off)  at  Point  A. 
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TABLE  2  -  INDUCTIVE  LOAD  SWITCHING 

n.v  -11  V 
002„F  ,00  0*V-11V 

-it 


H  P  214 
or  Equiv 
PG 


°— I  I— 

35  V  I  


;  ;  50 


20 
^  10„F 


2N619, 


^  002  „F 
0MF 

4h— 


:  «B2  ^ 


500 


,00 


T,  adjusted  lo  obtain 

v(BR)CEO 

L  -  10  mH 
RB2  =  = 
VCC  =  20  Volts 

•Tektronix 
P-6042  or 
Equivalent 


VCE— ,  S 


Inductive  Switching 

L  a  200  nH 

RB2  =  0 

VCC  =  20  Volts 

R81  selected  for  desired  lBi 

Scope  -  Tektronix 
7403  or 
Equivalent 


RBSOA 

L=  200  iiH 

RB2  =  0 

Vcc  =  20  Volts 

Rgi  selected  for  desired  Igi 


Note:  Adjust  -V  to  obtain  desired  VBr£(0ffj  at  Point  A. 
TYPICAL  INDUCTIVE  SWITCHING  WAVEFORMS 


tfi.  tc 


'CCpkl  =  5.0  Amps 
lB1  =  0.5  Amp 
VBE(off)  f  5.0  Volts 
VCE(pk)  =  400  Volts 
TC  =  25°C 
Time  Base  - 
100  ns/cm 

'C(pk)=  5.0  Amps 
lB1  =  0.5  Amp 
VBE(off)=  5.0  Volts 
VcE(pk)  =  4°0  Volts 
TC=25°C 
Time  Base  = 
20  ns/cm 


'C(pkJ  vCE(pk 

if. 

50 

IS 

■  ^  _  5 

,  \ 

1 1 1 1 

i  

n 

_ 

1  

vCE|satJ  - 

l 

J 

i 

- 

1  : 

!c  -  32  ns  — - 

FF 

- 
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►esigner's  Data  Sheet 


SWITCHMODE  III  SERIES 
ULTRA-FAST  NPN  SILICON  POWER  TRANSISTORS 

These  transistors  are  designed  for  high -voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  iscritical.  They 
are  particularly  suited  for  line-opera"- J 

•  Switching  Regulators 

•  Inverters 

•  Motor  Controls 

•  Deflection  Circuits 

•  Fast  Turn-Off  Times 

30  ns  Inductive  Fall  Time  —  75°C  (Typ) 
50  ns  Inductive  Crossover  Time  —  75°C  (Typ] 
600  ns  Inductive  Storage  Time  —  75°C  (Typ) 

•  Operating  Temperature  Range  -65  to  +200°C 

•  100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


15  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

460  VOLTS 
175  WATTS 


Designer's  Data  for 


The  Designers  Data  Sheet  permits 
the  design  of  most  circuits  entire  I  yfrom 
the  information  presented.  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
"worst case  "design. 


•MAXIMUM  RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter  Voltage 

vCE0(sus) 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter  Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous 
—  Peak(l) 

ic 

!CM 

15 
20 

Adc 

Base  Current  —  Continuous 
-  Peakd) 

IB 

10 
15 

Adc 

Total  Power  Dissipation  @  Jq  =  25°C 
@  Tc=  100°C 

Derate  above  25°C 

PD 

175 
100 
1.0 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  +200 

°c 

•THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

1.0 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5.0  Seconds 

TL 

275 

°c 

|1)  Pulse  Test:  Pulse  Width  =  5.0  ms.  Duty  Cycled  10%. 
•Indicate  JEOEC  Registered  Data 

STYLE  I 

PIN  t.  BASE 

I  EMITTER 

CASE  COLLECTOR 


NOTES 

I.  DIMENSIONS  0  AND  V  ARE  D ATI) MS 
t  [T]  IS  SEATING  PLANE  ANO  DATUM. 
3  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0. 

|  »  |  113(0.005)©  |  T  [v©l 

FOR  LEADS:  

|  4)  |  «.13I0.005|©T  j  V©j  Q©| 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN  |  MAX 

A 

39  1J 

-    |  1  :M 

1 

21  M 

QB3D 

c 

6  35 

7  62 

0-ZSO  0.300 

km 

1.09 

0031 1  0043 

E 

140 

1  )* 

a  owl  tm 

F 

30  ! 

BSC 

i.iiiiic 

G 

i:- 

BSC 

0.430  BSC 

H 

M 

ISC 

0.115  ISC 

J 

111 

esc 

OJtS  ISC 

i 

11  11 

12  19 

0.440  1  0.4H 

c 

311 

*  19 

o.iwl  0.1K 

8 

X.V 

-  1.0*0 

I) 

4.13 

S33 

0.190  0710 

V 

3.1! 

4  19 

oiw!  0.IIS 

CASE  106 
T0-204AA  Type 
(TO-3  Type) 
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ELECTRICAL  CHARACTERISTICS  1TC  =  25°C  unless  otherwise  noted)  

Characteristic  |     Symbol     |      Min  Typ  Max     |  Unit 


OFF  CHARACTERISTICS  ID 


Collector-Emitter  Sustaining  Voltage  (Table  2) 
(lc  =  100  mA.  IB  =  0) 

vCE0(sus) 

450- 

Vdc 

Collector  Cutoff  Current 
(VCEV  -  850  Vdc,  VBE(off)  =  1  5  Vdc) 
<VCEV  =  850  Vdc.  VBf£(off)  =  1  5  Vdc.  Tc  =  1 00°C| 

ICEV 

0.25" 
1.5* 

mAdc 

Collector  Cutoff  Current 
(VCE  =  850  Vdc.  Rbe  *  50  n,  TC  =  100°C) 

'CER 

2.5 

m  Adc 

Emitter  Cutoff  Current 
(VEB=6.0Vdc.  Ic  =  0) 

!EB0 

10' 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  1 5* 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1 6 

ON  CHARACTERISTICS  (1 ) 

Collector-Emitter  Saturation  Voltage 
«C  -  5.0  Adc.  IB  =  0.7  Adc) 
(lc=  10  Adc.  Ib=  1.3  Adc) 
(lc=  10  Adc.  IB  =  1.3  Adc.  TC=  100°C| 

VcE(sat) 

1.2 
25- 
3.0- 

Vdc 

Base-Emitter  Saturation  Voltage 
dC=  10  Adc.  IB  =  1.3  Adc) 

vBE|sat) 

_ 

15" 

1.5 

Vdc 

DC  Current  Gain 
(lC=  10Adc,VCE=5.0Vdc| 
(lC=  15  Adc.  VCE=  5.0  Vdc) 

hFE 

7.5- 
5.0* 

30' 

DYNAMIC  CHARACTERISTICS  (2) 


Current  Gain  -  Bandwidth  Product 
(VCE  =  10  Vdc,  lC  =  0.25  Adc,  fIesI  =10  MHz) 

fT 

to- 

_ 

75" 

MHz 

Output  Capacitance 
(VCB  =  10  Vdc,  lE  =  0.  fWst  ■  1  0  kHz) 

Cob 

50- 

400' 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

(lc=  10  Adc, 
Vcc=  250  Vdc. 
lBl  =  1 .3  Adc, 
PW=  30 /is. 
Duty  Cycle  <2.0%) 

<d 

20 

100* 

ns 

Rise  Time 

dB2  =  2.6  Adc, 
RB2=  1.6  ni 

•r 

200 

500' 

Storage  Time 

Is 

1200 

3000' 

Fall  Time 

'f 

200 

350" 

Storage  Time 

(VBE(off)  =  5  0  Vdc) 

<s 

650 

Fall  Time 

•f 

80 

Inductive  Load  (Table  2) 

Storage  Time 

(lc=  10  Adc, 
lBi  *  1.3  Adc, 
VBE(off)=5.0Vdc, 
VcBpk)=«O0Vdc) 

(TC=  100°C) 

'SV 

800 

1800' 

ns 

Fall  Time 

<fi 

50 

200* 

Crossover  Time 

'c 

90 

250- 

Storage  Time 

(TC=  150°C) 

'SV 

1650 

Fall  Time 

tfi 

76 

Crossover  Time 

120 

(1)  Pulse  Test:  PW  -  300  „s.  Duty  Cycle  «2% 

(2|fT  =  |lh.|l,.„ 

'Indicant  JE0EC  Registered  Umit 
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TYPICAL  DYNAMIC  CHARACTERISTICS 


FIGURE  7  -  STORAGE  TIME 


FIGURE  8  -  STORAGE  TIME 


5000 


3000 
2000 


|  500 

I  300 
J  200 


=  vBt|off)  =  5-0»*«E 


100 
007 
005 


-VB£(oH)  =  0VoNl 


-VM(o«|*N>Volli- 


.01  =  s 
TC  =  7S°C 

;vcc  =  20  volts; 


3.0  5.0  7.0 

IC.  COLLECTOR  CURRENT  (AMPS) 


15  15 


3  0  5  0         7  0 

IC.  COLLECTOR  CURRENT  (AMPS) 
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FIGURE  13  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  14  -  PEAK  REVERSE  BASE  CURRENT 


10 

_  9 
n 
E 

I  8 

5  7 

6  | — 'Bl  =  2  0  AmPs 

o 

^  5 


lg I  =  1 .0  Amps 


tC  =  10  Amps 
"TC  =  25°C 


1.0  2  0  3.0  4.0 

VBE(ofl).  REVERSE  BASE  VOLTAGE  (VOLTS) 


5  0 


GUARANTEED  SAFE  OPERATING  AREA  LIMITS 


FIGURE  15  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


FIGURE  16  -  MAXIMUM  REVERSE  BIAS 
SAFE  OPERATING  AREA 


20 

10 

to 

a- 

50 

20 

^ 

cc 

1.0 

cc 

3 

0  50 

cr 

O 

5 

0  10 

0  05 

0  02 

-BONDING  WIRE  LIMIT 

-THERMAL  LIMIT 

-SECOND  BREAKDOWN  LIMIT 

II       I     1  I 


i 

VBE 

•HI 

=  1  1 

o  5 

Tr  c  100°C 

V 

BE(of 

V 

50         10  20     30       50    70  100 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (1 


200  300  450 

E (VOLTS) 


SAFC  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc — Vqe 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e..  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 5  is  based  on  Tc  =  25°C;  Tjfp^j 
is  variable  depending  on  power  level  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 5  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  18. 

TJ<pk)  may  be  calculated  from  the  data  in  Figure  17. 
At  high  case  temperatures,  thermal  limitations  will  reduce 


the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneouslyduring  turn-off.  in  most 
cases,  with  the  base-to-emitter  junction  reverse  biased 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1 6 
gives  the  RBSOA  characteristics 
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FIGURE  17  -  THERMAL  RESPONSE 


"«JC  '  1  o°c/w 

TJ(pki  tc  ■  P(pl)Bejci'l 


0.01 


0.01 


J — 1 


I.  TIME  lirnl 
FIGURE  18  -  POWER  DERATING 


1 

Second  Breakdown 

/  Deraung 

Thirmi 

Oerann 

a 

IC.CASE  TEMPERATURE  l°C] 
TABLE  1  -  RESISTIVE 


OV 


lc  =  10  Adc 
lB  =  10  Adc 


.  11  V 


t,«15  ns 


'Tektronix 
P-6042  or 
Equivalent 


VCC=  250Vdc  -        -  - 

Rt=25!l  „»V 


a— -ft- — KIT 


♦Vdc  =  1 1  Vdc 


Vcc  -=. 

Vcc=250  lB1  =  10Adc  RB1  =  10  11 

RU=25(1  lB2=20Adc  RB2  ■  1  6  Jl 

lC  =  1 0  Adc         For  VBE(of))  =  5  0VRB2  =  0n 

-Note:  Adiusi  -V  to  obtain  desired  VBF,„H,  at  Poinl  A 


2N6836 


_  Lco.l  1'Cpk) 

vcc 

Tj  adjusted  to 


v(BR)CEO 

L=  10  mH 

RB2  =  °° 

VCC  =  20  Volts 


F  vcc 


vCE|pk)  =  VCE(ciamp) 


"Tektronix 
P-6042  or 
Equivalent 


Inductive  Switching 

L=  200  ,,H 
RB2  =  0 
v, 
RB 

Scope  -  Tektronix 
7403  or 
Equivalent 


IB 


J 


RBSOA 

L=  200  WH 
RB2  =  0 


IB?  selected  for  desired  I B ,  RB?  selected  for  desired  lB , 


TYPICAL 


'C(pk)  =  10  Amps 
I  b  T  =10  Amp 
vBE(off|  =  5  0  Volts 
vCE(pk)  =  400  Volts 
TC  =  25°C 
Time  Base  = 
100  ns/cm 


ust  -V  to  ob  ain  desired  VB£(0ff)  at  Point  A. 
SWITCHING  WAVEFORMS 

•fi-tc 

'C(pk)  =  1 0  Amps 
'B1  =10  Amp 
VBE(off)  =  5.0  Volts 
VCE(pk)  =  400  Volts 
TC  = 25°C 
Time  Base  = 
20  ns/cm 
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Data  Sheet 


SWITCHMODE  III  SERIES 
ULTRA-FAST  NPN  SILICON  POWER  TRANSISTORS 


This  transistor  is  designed  for  high-voltage,  high-speed,  power 
ng  in  inductive  circuits  where  fall  time  is  critical.  They  i 


ritchmode  appl 


Typical  Applications: 

•  Switching  Regulators 

•  Inverters 

•  Motor  Controls 

•  Deflection  Circuits 

•  Fast  Turn-Off  Times 

30  ns  Inductive  Fall  Time  —  75°C  (Typ) 
40  ns  Inductive  Crossover  Time  —  75°C  (Typ) 
800  ns  Inductive  Storage  Time  —  75°C  (Typ) 

•  Operating  Temperature  Range  -65  to  +200°C 

•  100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
s  Currents 


20  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

450  VOLTS 
250  WATTS 





MAXIMUM  RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter  Voltage* 

vCEO(sus) 

450 

Vdc 

Collector-Emitter  Voltage* 

VCEV 

850 

Vdc 

Emitter  Base  Voltage* 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous* 
—  PeakO) 

ic 

ICM 

20 
30 

Adc 

Base  Current  —  Continuous* 
—  PeakO) 

IB 

Ibm 

15 
20 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C* 
@  TC  =  100°C 

Derate  above  25°C 

Pd 

250 
143 
1.43 

Watts 
WVC 

Operating  and  Storage  Junction* 
Temperature  Range 

TJ.  Tstg 

-65  to  +  200 

°C 

•THERMAL  CHARACTERISTICS 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case* 

R«JC 

0.7 

°C/W 

Maximum  Lead  Temperature  for  Soldering* 
Purposes:  %"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  =  5.0  ms.  Duty  Cycle  =s  10%. 


The  Designers  Data  Sheet  permits  the  design 
of  most  circuits  entirely  from  the  information 
presented.  Limit  data  —  representing  device 
characteristics  boundaries  —  are  given  to  facil- 
itate "worst  case"  design. 


,   A  ____ 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

Mill 

MAX 

A 

38.35 

39.37 

1.510 

1  550 

I 

19.30 

21.08  |  0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

3.43 

0  135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

a 

3.84 

4.09 

0.151 

0  161 

R 

24.89 

26.67 

0.980 

1.050 

CASE  197-01 
TO-204AE  (Type)  Modified  TO-3 
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>  ITc  =  25°C  unless  otherwise  noted). 


Min      |      Tip      |      Mb     |      Unit  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  2) 
He  =  100  mA,  Ib  =  01 

vCEO(susl 

450* 

Vdc 

Collector  Cutoff  Current 
(VCEV  -  850  Vdc,  VBE(0ff)  =  1.5-Vdc) 
(VCEV  =  850  Vdc,  VBE(off)  =  1.6  Vdc.  Tc  =  100°C) 

'CEV 

_ 

0.25* 
1.5* 

mAdc 

Collector  Cutoff  Current 
(VcE  =  850Vdc.RBE  =  50n.TC  =  100"C) 

'CER 

2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc.  IC  -  0) 

 j  

'EBO 

'  —  ' 

 —  

1.0* 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  15* 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  16 

ON  CHARACTERISTICS  (1) 


Collector-Emitter  Saturation  Voltage 
(IC  =  lOAdc,  lB  -  1.2  Adc) 
dC  =  15  Adc,  Ib  =  2.0  Adc) 
<IC  =  15  Adc,  lB  =  2.0  Adc,  TC  =  100°C) 

VcE(sat) 

■ 

— 

1.5 
3.0* 
3.0* 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  15  Adcl  Ib  =  2X)  Adc!  TC  -  100X1 

VBE(sat) 

1.5* 
1.5 

Vdc 

DC  Current  Gain 
dC  =  15  Adc.  Vce  =  5.0  Vdc) 
He  =  20  Adc,  VCE  =  5.0  Vdc) 

nFE 

7.5* 
5.0 

30* 

DYNAMIC  CHARACTERISTICS  (2) 


 ' 

Current  Gain  —  Bandwidth  Product 
(VCE  =  10  Vdc,  lc  =  0.25  Adc,  ftest  =  10  MHz) 

H 

10* 

75* 

MHz 

Output  Capacitance 
(VCB  =  10  Vdc.  IE  =  0,  ftest  =  1.0  kHz) 

Cob 

100* 

500* 

PF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

dC  =  15  Adc. 
Vcc  =  250  Vdc, 
lB1  -  2.0  Adc, 

(lB2  =  4.0  Adc, 

<d 

20 

100* 

ns 

Rise  Time 

<r 

200 

500* 

Storage  Time 

RB2  =  i.6  ni 

«s 

1200 

2700* 

Fall  Time 

tf 

PW  =  30  jis. 
Duty  Cycle  s  2.0%) 

200 

350* 

Storage  Time 

(VBE(off)  =  5.0  Vdc) 

's 

650 

Fall  Time 

tf 

80 

Inductive  Load  (Table  2) 

Storage  Time 

dC  =  15  Adc. 
IB1  =  2.0  Adc, 
VBE(off)  =  5.0  Vdc, 
VcE(pk)  "  400  Vdc) 

(TC  =  100°C) 

tsv 

800 

2700* 

ns 

Fall  Time 

tfi 

50 

200* 

Crossover  Time 

•c 

90 

250* 

Storage  Time 

(TC  =  150*0 

tsv 

1050 

Fall  Time 

tfi 

70 

Crossover  Time 

120 

— 

2N6837 


0  3     0  5   0  7    1  0         2.0    3  0      5  0  7  0  10 
lr.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  3  —  COLLECTOR-EMITTER  SATURATION  REGION 


FIGURE  4  —  BASE-EMITTER  VOLTAGE 


0  2    0  3      0  5  0  7  10 
lC.  COU 


2.0    3  0      5  0  7  0     10  20 
IAMPSI 


0  5  0  7    10         2  0    3  0      5  0  7  0    10  20 


FIGURE  5  —  COLLECTOR  CUTOFF  REGION 


FIGURE  6  —  CAPACITANCE 


02  0  '02  -04 

VBE.  BASE  EMITTER  VOLTAGE  (VOLTSI 


10  10  100 

Vr.  REVERSE  VOLTAGE  (VOLTS) 
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70 
50 

Voci«hi  =  ( 

Volts 

bi  - 

= 

30 

o«t  =  20 

Volts 

20 
1  00 

"  vBe 

(oH|  =  6 

Volts 

nftt 

'  1  

"  ft  =  5  — 

75°C 

0               2  0  3 

0           50      7  0  1 

IC.  COLLECTOR  CURRENT  (AMPSI 


;.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  9  —  COLLECTOR  CURRENT  FALL  TIME 


FIGURE  10  —  COLLECTOR  CURRENT  FALL  TIME 


FIGURE  11  —  CROSSOVER  TIME 


FIGURE  12  —  CROSSOVER  TIME 


 1  1 

3.0       4.0      5.0        7.0  8.0     10  0 
lc.  COLLECTOR  CURRENT  (AMPS) 


3  0  5  0         7  0  10 

IC.  COLLECTOR  CURRENT  (AMPS) 
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FIGURE  13  —  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  14  —  REVERSE  BASE  CURRENT 


1  0  2  0  3  0  4.0 

vBE(otl)  REVERSE  BASE  EMITTER  VOLTAGE  (V0LTS| 


GUARANTEED  SAFE  OPERATING  AREA  LIMITS 


■  IS  —  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  16  —  MAXIMUM  RATED 

SAFE  OPERATING  AREA 


AREA  INFORMATION 


200  400  600  800  11 

VCH.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

LTION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  abil- 
ity of  a  transistor:  average  junction  temperature  and 
second  breakdown.  Safe  operating  area  curves  indicate 
'C  —  VCE  limits  of  the  transistor  that  must  be  observed 
for  reliable  operation;  i.e.,  the  transistor  must  not  be 
subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  15  is  based  on  Tc  =  25°C;  Tj(p|() 
is  variable  depending  on  power  level.  Second  break- 
down pulse  limits  are  valid  for  duty  cycles  to  10%  but 
must  be  derated  when  Tq»25°C.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limita- 
tions. Allowable  current  at  the  voltages  shown  on  Figure 
15  may  be  found  at  any  case  temperature  by  using  the 
appropriate  curve  on  Figure  18. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  17. 
At  high  case  temperatures,  thermal  limitations  will  re- 


duce the  power  that  can  be  handled  to  values  less  than 
the  limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base-to-emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value 
of  collector  current.  This  can  be  accomplished  by  sev- 
eral means  such  as  active  clamping,  RC  snubbing,  load 
line  shaping,  etc.  The  safe  level  for  these  devices  is 
specified  as  Reverse  Bias  Safe  Operating  Area  and  rep- 
resents the  voltage-current  condition  allowable  during 
reverse  biased  turn-off.  This  rating  is  verified  under 
clamped  conditions  so  that  the  device  is  never  subjected 
to  an  avalanche  mode.  Figure  16  gives  the  RBSOA 
characteristics. 
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17  —  THERMAL  RESPONSE 


2  80 


,  J  , 

V. 

Second  Bri 

kdown 

f  Det 

mng 

Thiimi 

Defiling 

80  120 
Tc.  CASE  TEMPERATURE  (»CI 


^  TABLE  1  —  RESISTIVE  LOAD  SWITCHING 

0V-.  p 

 I  «-35  V  I  I 


+  Vdc  -  11  Vdc 


ts  and  tf 


H.P.  214 
or 


P.G.    |  -lB  L_-j — I 

\— ^-IQIl^T.U.T.^  i 
RB  -  10  l*s  RL  5 

50  J  Vcci 

I  1  i 

—  - 

Vcc  =  250  Vdc 
R|_  =  16  fl 

  IC  =  15  Adc 

-  1 1  V  >B  =  2.0  Adc 


0V  . 


trs15  ns 


•Tektronix 
P-6042  or 
Equivalent 




+  V 


v 


50 : 


*"B 


vcci 


1 


Vcc  -  250       lB1  =  2.0  Adc  Rbi  =  7.5  fl 

RL=16f»       lB2  =  4.0Adc  RB2  =  1.6fl 

IC  =  15  Adc     For  VBE(0ff)  =  5.0  V       RB2  =  0  tl 

'Note:  Adjust  -V  to  obtain  desired  VBE(off)  at  Point  A. 


2N6837 


■ 


!  -  INDUCTIVE  LOAD  SWITCHING 

,  +  V-  11  V 


vcc 

Ti  adjusted  to  obtain  lc(pk) 


L  =  10  mH 
Rg2  =  °° 
VCC  =  20  Volts 

•Tektronix 
P-6042or 
Equivalent 


Ml 


200^ 
RB2  =  0 
VCC  =  20  Volts 
Rgi  selected  for  desired  Iqi 

Scope  —  Tektronix 
7403  or 
Equivalent 


L  =  200  /aH 

RB2  =  0 
Vcc  =  20  Volts 
Rgi  selected  for  desired  Ibi 


Note:  Adjust  —  V  to  obtain 


TYPICAL  INDUCTIVE  SWITCHING  WAVEFORMS 


«fi«c 


'C(pk)  =  15  A 
IBI  =  2.0  A 
VBE(off)  =  5.0  Volts 
VcE(pk)  =  400  Volts 
TC  =  25°C 
Time  Base  =  200 
ns/cm 


YCE(»k) 

'B1 

IS 

Ilk.  *h4l 

tipk)  =  15  A 

ibi  -  2.0  a 

VBE(off)  =  5.0  Volts 
vCE(pk)  =  *00  Volts 
TC  =  25°C 
Time  Base  ■  200 
ns/cm 


'cipki  ;  i  _ 
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BD139,-6,-10,-16 


PLASTIC  MEDIUM  POWER 
SILICON  NPN  TRANSISTOR 

signed  for  use  as  audio  amplifiers  and  drivers  utilizing 
complementary  or  quasi  complementary  circuits. 

•  Available  in  Hpf:  groups  -6,  -10,  -16 

•  DC  Current  Gain — h^^  =  40  (Mm)  @  lg-0.15  Adc 

•  BO  135,  137,  139  are  complementary  with  BD  136,  138,  140 


MAXIMUM  RATINGS 


Rating 


Collector- Emitter  Voltage 


Collector- Base  Voltage 
Emitter-Base  Voltage 


Base  Current 


Total  Device  Dissipation         =  2 
Derate  above  25°C 


Total  Device  Dissipation 
Derate  above  26°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


CEO 


CBO 


>"d 


Tj.T* 


Type 


BD  135 
BD  137 
BD  139 


BD  135 
BD  137 
BD  139 


Value 


Unit 


45 

60 
80 


45 
60 
100 


0.5 


1.25 
10 


12.5 
100 


1.5  AMPERE 

POWER  TRANSISTOR 

NPN  SILICON 

45,  60.  80  VOLTS 
10  WATTS 


Vdc 


Vdc 
Adc 


Adc 


Watts 
mw/°C 


-55  to +150 


THERMAL  CHARACTERISTICS 


Watt 
mW/°C 


°C 


+ 


Characteristic 

Symbol 

M 

Unit 

Thermal  Resistance.  Junction  to  Case 

ojc 

10 

°c/w 

Thermal  Resistance,  Junction  to  Ambient 

«JA 

100 

°c/w 

ELECTRICAL  CHARACTERISTICS 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector-Emitter  Sustaining  Voltage' 

<lr  =  0.03  Adc.  I„  =  0) 
C  B 

BVCE0' 

BD  135 
BD  137 
BD  139 

45 
60 
80 

Vdc 

Collector  Cutoff  Current 
(V-B  =  30  Vdc,  1,  =0) 
<VCB  =  30Vdc.lE=0.Tc  =  125°CI 

'CBO 

0.1 
10 

A  Adc 

Emitter  Cutoff  Current 
(V^- 5.0  Vdc.  lc-0) 

'ebo 

10 

A  Adc 

DC  Current  Gain 
(1    =  0.005A,  V„  =  2  V) 
(lc=   0.15A,VCE  =  2VI 

|lc=    0.5A  VCE=2V) 

hFE- 

25 
40 

25 

250 

Collector-Emitter  Saturation  Voltage* 

(  rr  -  0.5  Adc,  lB  =  0.05  Add 

VCE(sat)' 

0.5 

Vdc 

Base-Emitter  On  Voltage' 

(lc  =  0.5Adc,  VCE  =  2.0Vdcl 

VBE(on) 

1 

Vdc 

3-332 


BD 1 35,-6,-1 0,-1 6,  BD 1 37,-6,-1 0,-1 6, 


FIGURE  1  - 


ACTIVE  REGION  SAFE  OPERATING  AREA 


O  0  05 
O 


~      0.02  4 


001 


VCE,  COLLECTOR-EMITTER  VC 
(VOLT) 


Available  in  HpE  groups 


Min. 

-6 

40 

-10 

63 

•16 

100 
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60136,-6,-10,-16 

BD138,-6,-10,-16  _ 
BD140,-6,-10,-16  (g) 


PLASTIC  MEDIUM  POWER 
SILICON  PNP  TRANSISTOR 


quasi  complementary  circuits, 
i  in  HFEflroups-6.  -10,-16 

•  DC  Current  Gain— hFE-40  (Min)  @  lc=  0.15  Adc 

•  BD  136,  138,  140  are  complementary  with  BD  135,  137,  139 


MAXIMUM  RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector  Emitter  Voltage 

BD  136 

45 
80 
80 

Vdc 

VCSO 

BD  138 
BD  140 

 , 

Collector.  Base  Voltage 

VCBO 

BD  136 
BD  138 
BO  140 

45 

60 
100 

Vdc 

Emitter-Base  Voltage 

VCBO 

5 

Vdc 

Collector  Current 

'c 

1.5 

Adc 

Base  Current 

'b 

0.5 

Adc 

Total  Device  Oinipation  «>TA  -  25°C 
Derate  above  25°  C 

fo 

1.25 
10 

Watts 

mWr°C 

Total  Device  Dissipation  @TC-  26°C 
Derate  above  25°C 

fo 

12.5 
100 

Watt 

mW/°C 

Temperature  Range 

TJ.Tng 

-65  to +150 

°C 

CHARACTERISTICS 


Symbol 

Unit 

Thermal  Resistance,  Ju 

nction  to  Case 

»JC 

10 

°c/w 

 ■  D_, i    ■  iSfa             »      »  ■ 

i  nermoi  nesiirence,  junction  to  Amoieni 

»JA 

100 

"cm 

ELECTRICAL  CHARACTERISTICS   ,it  m... 


Characteristic 

Symbol 

Type 

Min 

Mai 

Unit 

Collector- Emitter  Sustaining  Voltage' 
Hc  =  0.03  Adc.  Ifl  =  01 

8VCE0- 

BD  136 
BD  138 
BD  140 

45 
60 
80 

Vdc 

Collector  Cutoff  Current 
(VCB  =  30Vdc.  I_  =  0) 
(VCB  =  30  Vdc,  lE  =  0,  Tc  =  125°  C) 

—  , 

'CBO 

0.1 
10 

r^Adc 

Emitter  Cutoff  Current 
<VBE-S.0Vdc.  lc-0) 

'ebo 

10 

MAOc 

DC  Currant  Gain 

(1    =0.005A.  V  „=2V> 
(L,=   0.15A.VCE  =  2V) 

llc  =     0.6A,  VCE  =  2  V) 

W 

25 
40 

25 

250 

Collector-Emitter  Saturation  Voltage- 

(lc  =  0.5  Adc,  lB  =  0.05  Adc) 

V  • 
CE(»at) 

0.5 

Vdc 

Base- Emitter  On  Voltage* 

(lr=0.5Adc,  VpF=2.0  Vdc) 

V  • 
vBE(on) 

1 

Vdc 

•  Pulse  Tot:  Pune  Width  S  300  m.  Duty  Cycle  s  20%. 


1.5  AMPERE 
POWER  TRANSISTOR 

PNP  SILICON 

45.  60.  80  VOLTS 
10  WATTS 





3.75 
JUT 


2  15 
2^1 


7.49 
7.74 


r 


O50_ 
0.66 

"STYLE  I 

PIN  I  EMITTER 
2.  COLLECTOR 
3  BASE 


2J2  OIA  THRU 


Q.5Q 
0.66 


i 

10.79 
fTBS 

4 

15.36 

16763 

1 


Hi 


H£AT  SINK       "^^fJL.  3° 
CONTACT  AREA  I  r*~TYP 

{BOTTOM) 

#h#n  meitnling  ftia  dtuci.  Ic-fqiM  new  to  eicttd  00'  m-ttj 

H  leid  benfli-ig  ii  lequKed  use  suitable  climps  or  olhtr  luppcm 


til  diment<oni  m  millimvlirs 
CASE  77-04 
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BD136,-6,-10,-16,  BD1 38,-6,-1 0,-1 6,  BD140,-6,-10,-16 


FIGURE  1  -  ACTIVE 


;, 


(at  lC  - 


0.15  A,  VCE2V)  Hfe  group:  6  40  100 
-10  63  160 
-16        100  250 


BD157 
BD158 
BD159 


® 


PLASTIC  MEDIUM  POWER  NPN 
SILICON  TRANSISTOR 

.  .  .  designed  for  power  output  stages  for  television,  radio,  phonograph 
and  other  consumer  product  application, 

•  Suitable  for  Transformerless,  Line-Operated  Equipment 

•  ThermopadT  Construction  Provides  High  Power  Dissipation  Rating 

for  High  Reliability 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-E 


>  Volti 





Collector  Current  -  Continuous 
Peak 


Base  Current 


Total  Device  Dissipation  @Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range  


Symbol    BD  157  BD  158   BD  159  Unit 


VCEO 


VCB 


VEB 


Pd 


260 


300 


350 


375 


5.0 


0.5 
1.0 


20 
0.16 


•THERMAL  CHARACTERISTICS 


TJ.Tstg       —  65  to +150 

~t-  '  


Watts 
W/°C 


°C 

 ' 


Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

»JC 

6.25 

°C/W 

ELECTRICAL  CHARACTERISTICS  <TC  =  25°C  unless  otherwise  noted) 
|  Characteristic  |  Symbol  |  Type    |   Min     |  Max 

OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
llc»  I.OmAdc.  Ie  =  0) 

BVCEO 

BD  157 
BD  158 
BD  159 

250 
300 
350 

Vdc 

Collector  Cutoff  Current 
(At  rated  voltage) 

'CBO 

100 

MAdc 

Emitter  Cutoff  Current 
<VEB-50Vdc.  IC»0I 

lEBO 

100 

dAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(IC  -  50  mAdc.  VCE  -  10  Vdcl 

30 

240 

0.5  AMPERE 
POWER  TRANSISTOR 

NPN  SILICON 


250-300-350  VOLTS 
20  WATTS 





7.49  _J 


3.75 

Am 


2.15 
2.41 


4 


O.50 


stvp1,V, 


EMITTER 

2  COLLECTOR 

3  BASE 


0.38 
0.«3 


+ 


3.68 
3.93 


.  2.92  oia  THRU 


10.79 
1T54 


0.50 
L-  2.36  T.P. 


IEAT  SINK   3" 

*BOATCTT0«1EA  ' 


HEAT 
C0NTA_CJ*REA 


Whan  mourning  ft«  tencs.  lorqut  wt  to  ticttd  007  rtvkg 


H  lead  tending  n  r«qui(«d  ut«  swiabl*  clif 
in  trantutor  em  ind  potnt  of  tend 

All  dirwiitont  *n  mtllinwU 

CASE  77  04 
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BD157,  BD158,  BD159 


FIGURE  1  -  POWER  TEMPERATURE  DERATING  CURVE 

25 


FIGURE  2  -  "ON"  VOLTAGES 
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BD165 
BD167 
BD169 


® 


— 


PLASTIC  MEDIUM  POWER 
SILICON  NPN  TRANSISTOR 


.  .  .  designed  for  use  as  audio  amplifiers  and  drivers  utilizing 
complementary  or  quasi  complementary  circuits. 


•  DC  Current  Gain — =  40  (Min) 


lc=  0.15  Adc 


BD  165,  167.  169  are  complementary  with  BD  166,  168,  170 


RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector- Emitter  Voltage 

VCEO 

BD  165 
BD  167 
BO  169 

45 
60 
80 

Vdc 

Collector- Base  Voltage 

VCB0 

BO  165 
BD  167 
BD  169 

45 
60 
80 

Vdc 

Emitter-Base  Voltage 

VEBO 

5 

Vdc 

Collector  Current 

'c 

1.5 

Adc 

Base  Current 

'b 

0.5 

Adc 

Total  Device  Dissipation = 
Derate  above  25°C 

25°C 

Pd 

1.25 
8 

Watts 
mw/°C 

Total  Device  Dissipation @Tc  = 
Derate  above  25°C 

25°C 



pD 

20 
160 

Watt 
mW/°C 

Operating  and  Storage  Junctior 
Temperature  Range 

Tj.Tstg 

-65  to  *150 

°C 

THERMAL  CHARACTERISTICS 


Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

»JC 

625 

Thermal  Resistance,  Junction  to  Ambient 

»JA 

100 

°c/w 

ELECTRICAL  CHARACTERISTICS 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter  Sustaining  Voltage" 
(lc-01  Adc,  lB  =  0) 

BVCE0* 

BO  165 
BD  167 
BO  169 

45 
60 
80 

Vdc 

Collector  Cutoff  Current 
(V      -45  Vdc.  I  =0) 
(Vj;°»60  Vdc.  C-0) 
(V^- 80  Vdc.  <|*0> 

'CBO 

BO  165 
BO  167 
BD  169 

o  o  p 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc,  lc-0) 

'ebo 

1.0 

mAdc 

OC  current  Gain 

(I    -0.15  A,  V  =2V) 
(1^  =  0.5  A,V^  =  2V) 

40 
15 

Collector-Emitter  Saturation  Voltage* 
(lc  =  0.5Adc.  Ig  =0.05 Adc) 

V 

CE(sat) 

05 

Vdc 

Base-Emitter  On  Voltage" 
( lc  =  0.5  Adc,  VCE  =  2.0  Vdc) 

VBEfon) 

0  95 

Vdc 

Current  Gain- Bandwidth  Product 

(lc  =  5O0mAdc,  VCE=  2  Vdc.  1=1.0  MHz) 

't 

6.0 

MHz 

1  Pulse  Tot:  Pulse  Width  S  300  us.  Duty  Cycle  S  2  07. 


1.5  AMPERE 

POWER 





srviE  i 

PIN  I  EMITTER 

2  C01LECT0H 

3  BASE 


CONTACT  AREA 
I80TT0MI 


till  device,  torque  nM  to  eicied  0  0?  m-ig 


ll  lead  bending  if  reouned  use  tumble  climps  or  other  lupporn 
tutor  cite  end  point  ol  bend 
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BD165,  BD167,  BD169 


FIGURE  1  _  Pn-Tc  DERATI1 


NG  'CURVE 


FIGURE  2  _  SAFE  OPERATING  AREA 


S 


5.0       7.0        10  20  30  SO  70 

VCE.  COLLECTOR -EMITTER  VOLTAGE  (VOLTSI 


FIGURE  3  _  COLLECTOR  SATURATION  REGION 


OR  EMITTER  V 


0,8 


FIGURE  4  _  CURRENT  GAIN 


1  1 

lc  =  0.1  A 

J.25A 

3.5  4 

IA 

 f 



,  



- 

50  100 
,.     BASE  CURRENT  lmA| 


FIGURE  5 -"ON"  VOLTAGE 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate \q  -  Vqe  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 


The  data  of  Figure  2  is  based  on  Tj{pk)  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  £150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can  be 
handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown.    (See  AN-415) 
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BD166 
BD168 
BD170 


PLASTIC  MEDIUM  POWER 
SILICON  PNP  TRANSISTOR 

.   .   .  designed  for  use  as  audio  amplifiers  and  drivers  utilizing 

complementary  or  quasi  complementary  circuits. 

•  DC  Current  Gain — =  40  (Min)  @  lc  =  0.1 5  Adc 

•  BD  166,  168.  170  are  complementary  with  BD  165,  167,  169 


RATINGS 


Rating 

Symbol 

Typo 

Value 

Unit 

Collector- Emitter  Voltage 

VCE0 

BD  166 
BD  168 
BD  170 

45 
60 
80 

Vdc 

_ 

VCB0 

BD  166 
BD  168 
BD  170 

45 
60 
80 

Vdc 

Emitter-8ase  Voltage 

VEB0 

b 

Vdc 

Collector  Current 

!c 

1.5 

Adc 

Base  Current 

'b 

0.5 

Adc 

Total  Device  Dissipation         =  25°C 
Derate  above  25°C 

pD 

1.25 
10 

Watts 
mw/°C 

Total  Device  Dissipation  @Jq=  26°C 
Derate  above  25°C 

Pd 

20 
160 

Watt 
mW(°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Ts,g 

-65  to  *150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

0JC 

6.25 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

8jA 

100 

°cm 

ELECTRICAL  CHARACTERISTICS 


■  25"C  unltm  oih»xw.i 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter  Sustaining  Voltage* 
(lc»0.1  Adc,  lB-0) 

BVCEO 

BD  166 
BD  168 
BD  170 

45 
60 
80 

Vdc 

Collector  Cutoff  Current 
(V     =45  Vdc,  I  -0) 
(V);°  =  60  Vdc,  l'=0) 
(V^- 80  Vdc.  I*  =  0) 

'CBO 

BD  166 
BO  168 
BD  170 

pop 

mAdc 

Emitter  Cutoff  Current 
(VRF  =  5.0Vdc.  lr-0) 

'ebo 

1.0 

mAdc 

DC  currant  Gain 
(1    =-015  A.  V     -2  V) 
(|J>0.5  A,V^-2V) 

hFE* 

40 
15 

Collector-Emitter  Saturation  Voltage' 
(lr-0.5Adc,  1^-0.05  Adc) 

VCE(Mt) 

05 

Vdc 

Base-Emitter  On  Voltage* 
(lr«  0.5  Adc,  Vrc-2.0  Vdc) 

VBE(on) 

0.95 

Vdc 

Currant-Gain-Bandwidth  Product 
(l^--500mAdc,VrE-  2  Vdc.  I- 1.0  MHz) 

*T 

6.0 

MHz 

® 


1.5  AMPERE 

POWER  TRANSISTOR 

PNP  SILICON 

45,  60.  80  VOLTS 

20  WATTS 

1  Fete  Ten:  Pute  W  id  III  S  300  tu.  Duty  Cycle  S  2  0%. 


3.75 
■OST 


7.74 


2.15 
2.41 


\ 

0.66 

STYLE  1 

PIN  1  EMITTER 

2  COLLECTOR 

3  BASE 


0.38 
0.63 


3.68 
3.93 


-  2.92  oia  THRU 


10.79 
11.04 


as?  J-Hi 


i 


HEAT  SINK 
CONTACT  AREA 
(BOTTOM) 


1.14  2.41 
§  £66 


4 


3° 
"TVP 


Whin  mourning  the  deuce  lorqiw  not  lo  («c«ed  0  07  m-kg 


H  lead  bending  u  required  use  suitable  clamps  or 
tr  case  and  pomt  ot  bend 
All  dimensions  in  millimeieri 


CASE  77-04 
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BD166,  BD168,  BD170 

FIGURE  1  -  P,-Tc  DERATII 


NG  CURVE 


FIGURE  2  -  SAFE 


OPERATING  AREA 


20  40 


0.5 
0.3 

0.2 


-  THERMALLY  LIMITEDeTr  .  25°C 

PULSE  CURVES  APPLY  BELOW 

RATED  VCEO  — p^BD166  = 
BO  168  - 
BD  170  - 


5  0      7.0       10  20         30  50  '0 

VCE,  COLLECTOR  EMITTER  VOLTAGE  IVOLTSI 


100 
See  Note 


FIGURE  3  _  COLLECTOR  SATURATION  REGION 
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FIGURE  4  _  CURRENT  GAIN 


la.     BASE  CURRENT  ImAI 

FIGURE  5  -"ON"  VOLTAGE 


lc    COLLECTOR  CURRENT  IAI 


Note  1: 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  -  VrjE  'imits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 


SO  100  500 

lc.  COLLECTOR  CURRENT  OA) 


The  data  of  Figure  2  is  based  on  Tj(p^(  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  10  10%  provided  TJ(pk)  £150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can  be 
handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown.    (See  AN-415) 
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60175,-6,-10,-16 
BD177,-6,-10 
80179,-6,-10 


® 


PLASTIC  MEDIUM  POWER 
SILICON  NPN  TRANSISTOR 

.   .   .  designed  for  use  in  5  to  1 0  Watt  audio  amplifiers 
utilizing  complementary  or  quasi  complementary  circuits 

•  DC  Current  Gain— hpE  =  40  (Min)  @  lc  =  0.15  Adc 

•  BD  175,  177,  179  are  complementary  with  BD  176,  178,  180 

•  Available  in  Hpc.  groups  -6,  -10,  -16 


MAXIMUM  RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

VCEO 

BD  175 
BD  177 
BD  179 

45 
60 
80 

Collector- Emitter  Voltage 

Vdc 

Collector.  Base  Voltage 

VCBO 

BD  175 
BD  177 
BD  179 

45 
60 
80 

Vdc 

Emitter-Base  Voltage 

V 

EBO 

5 

Vdc 

Collector  Current 

'c 

3.0 

Adc 

Base  Current 

'b 

1.0 

Add 

Total  Device  Dissipation  T  =25°C 
Derate  above  25°C 

PD 

30 
240 

Watts 

mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ,Ts,g 

—65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

»JC 

4.16 

•  c/w 

— 


ELECTRICAL  CHARACTERISTICS  nc  -  25-c  uni™  oim.w.st  not«d> 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector-Eminer  Sustaining  Voltage* 

{I    =0.1  Adc,  I  =0) 
C  B 

BVCE0' 

BD  175 
BD  177 
BD  179 

45 
60 
80 

Vdc 

Collector  Cutoff  Current 
(V      =45  Vdc,  I  =0) 
(Vj:°  =  60  Vdc,  lp  =  0) 
(V£°  =  80  Vdc,  1^  =  0) 

'CBO 

BD  175 
BD  177 

0.1 
0.1 
0.1 

mAdc 

BD  179 

Emitter  Cutoff  Current 
(VBE  =  5  0  Vdc,  lc  =  0) 

'ebo 

10 

mAdc 

DC  current  Gain                     /  -6 
Up  "  0.15  A,  Vrp  "  2  V)    <  group  -10 
(  -16 

(IC"1A,  VCE-2V) 

hEE' 

40 
63 
100 
15 

100 
160 
250 

Collector- Emitter  Saturation  Voltage' 
(lc  =  1  Adc,  lB  =  0.1  Adc) 

VCE(sat)' 

0.8 

Vdc 

Base-Emitter  On  Voltage' 
(lc  =  1  Adc.  VC£  =  2  0  Vdc) 

VBE(on)' 

1.3 

Vdc 

Current-Gain-Bandwidth  Product 

(lc  =  250  mAdc,  Vc£  =  1 0  Vdc,  f - 1 .0  MHz) 

't 

3.0 

MHz 

3  AMPERE 
POWER  TRANSISTOR 

NPN  SILICON 

45,  60,  80  VOLTS 
30  WATTS 


'  Pulse  Tesl:  Pulse 


i  MO  us.  Duty  C,cle  £  2.0%. 


3.75 
4.01 


2.15 
2.41 

t 


4 


aso_ 

0  66 

STYLE  l 

PIN  I  EMITTER 

2  COLLECTOR 

3  BASE 


OJS 
0.63 


1 


.  2.92  n)fl  THRU 


10.79 
11.04 


0.50 
0.66 


15.36 
16  63 


2.36  T  P. 

0.63 
0.89 


HEAT  SINK 
CONTACT  AREA 
(BOTTOM) 


1.14  2,41 
^39   £  266 


When  mounltno  the  device  torque  not  lo  exceed  0  Of*  m-kg 

It  lead  bendmg  is  requited,  use  suitable  clamps  or  o 
between  irani'Stor  c»(  and  point  of  bend 

Ml  dimension*  in  millimeter*  1 


BD175,-6,-10,-16,  BD177,-6,-10,  BD179,-6,-10 

FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


2.0     3  0       S.O  7.0    10  20     30       50    70  100 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


The  Safe  Operating  Area  Curves  indicate  lc~vCE  limits  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 


0.5  A 

1 

A 

— 

lc 

— 

; 

1 

0  2 

5  A 

— 1 

— 

— 

— 

1  

-1 

~- 

=  2 

-H 

u 

1 

1 

0  2 
1000  rz 


0.5  i.O  2  0 

FIGURE  3  — CURRENT  GAIN 


5.0  10 
IB,  BASE  CURRENT  1mA) 

!5r 


20         30  50  100 

FIGURE  4—  "ON"  VOLTAGE 


2.0  3.0  5.0 


20  30  50  100  200  300  500  1000  2000 
lc.  COLLECTOR  CURRENT  ,mAI 


2  0  3  0    5  0  10 
FIGURE  5  -THERMAL  RESPONSE 


20  30  50  100  200  300  500  1000  2000 
lc.  COLLECTOR  CURRENT  ImA) 
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BD176,-6,-10,-16 
60178,-6,-10 
60180,-6,-10 


® 


MEDIUM  POWER 
PNP  TRANSISTOR 


.  .  .  designed  for  use  in  5  to  10  Watt  audio  amplifiers  and  drivers 
utilizing  complementary  or  quasi  complementary  circuits. 


•   DC  Current  Gain— hpE  =  40  (Min)  <5>  lc 


0.15  Adc 

•  BD  176.  178.  180  are  complementary  with  BD  175.  177.  179 

•  Available  in  HpE  groups  -6,  -10,  -16 


MAXIMUM  RATINGS 


Rating 

Unit 

Collector- Emitter  Voltage 



V 

CEO 

BD  176 
BD  178 
BD  180 

45 
60 
80 

Vdc 

BD  176 

45 

Collector-Base  Voltage 

V 

CBO 

BD  178 
BD  180 

60 
80 

Vdc 

Emitter-Base  Voltage 

VEBO 

5 

Vdc 

Collector  Current 

'c 

3.0 

Adc 

Base  Current 

'b 

1.0 

Adc 

Total  Device  Dissipation  TC=25°C 
Derate  above  25°C 

PD 

30 
240 

Watts 
mW/»C 

Operating  and  Storage  Junction 
Temperature  Range 

T,  T 

J.  stg 

—65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

6JC 

4  16 

-  C/W 

ELECTRICAL  CHARACTERISTICS  rr  ■  25-c  , 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector-Emitter  Sustaining  Voltage' 
dc  =  0.1  Adc.  IB  =  0) 

BVCE0" 

BD  176 
BD  178 
BD  180 

45 
60 
80 

Vdc 

Collector  Cutoff  Current 
(V      =45  Vdc,  1=0) 
(Vp   =60  Vdc,  1=0) 
(VCB  =  80  Vdc,  lE  =  0) 

'CBO 

BD  176 
BD  178 
BD  180 

pop 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc,  lc-0) 

'ebo 

1.0 

mAdc 

DC  Current  Gain                     i  -6 
<IC-0.15A,  VCe-2  VI     y  jroup  -10 

»C-,A.  VCE--2V) 

hFE" 

40 
63 
100 
15 

100 
160 
250 

Collector-Emitter  Saturation  Voltage" 
(lc  =  1  Adc,  lB  =  0.1  Adc) 

VCE(sat) 

0.8 

Vdc 

Base-Eminer  On  Voltage' 

V 

vBE(on) 

Vdc 

0C-1  Adc.  VC£  =  2  0  Vdc) 

1.3 

Current-Gain-Bandwidth  Product 

(lc  =  250  mAdc.  VC£  =  1 0  Vdc.  f  =  1 .0  M Hz) 

*T 

3.0 



MHz 

3  AMPERE 
POWER  TRANSISTOR 


PNP  SILICON 


45.  60,  80  VOLTS 
30  WATTS 


1  Pulse  Test:  Pulse  Widlh  £  300  MS.  Duly  Cycle  £  2  0%. 


7.49 
7.74 


0.66 

STYLE  1 

PIN  1  EMITTER 

2  COLLECTOR 

3  BASE 


0.3B 
0  63 


3.68 
3.93 


.  2-93  0IA  THRU 


3.30 


0.50 
0.66 


10.79 
11.04 

4 

15.36 
16  63 


Lev-  2.36  T.P. 


_  063 
"1  0.89 


2.41 

39    sj^  2^66 


HEAT  SINK       -^J  3° 

C0NI ACT  AREA       ~  P* "TVP 
(BOTTOM! 

When  mounli  r,g  lha  deuce  lotgue  not  lo  eiceed  0  Of  meg 

II  lead  bending  n  legmred  use  suitable  clamps  oi  other  supports 
between  transistor  cue  ind  point  ot  bend 

sit  dimensions  in  millimeters 


CASE  77-04 
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BD176,-6,-10,-16,  BD178,-6,-10,  BD180,-6,-10 


1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


The  Safe  Operating  Area  Curves  indicate  lc-VCE  limits  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 


2.0     30       5.0  7.0    10  20     30  50 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTSI 

FIGURE  2  -  COLLECTOR  SATURATION  REGION 


3-345 


BD185 
BD187 


® 


PLASTY  MEDIUM  POWER 
SILICON  NPN  TRANSISTOR 

.  .  .  designed  for  use  in  5  to  10  Watt  audio  amplifiers  utilizing 
complementary  or  quasi  complementary  circuits. 

•  DC  Current  Gain— hFE  =  40  (Min)  (3  lc  =  0.5  Adc 

•  BD  185,  187,  189  are  complementary  with  BD  186,  188,  190 







MAXIMUM  RANGS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector- Emitter  Voltage 

VCEO 

BD  185 
BD  187 
BD  189 

30 
45 
60 

Vdc 

Collector- Base  Voltage 

V 

CBO 

BD  185 
BD  187 
BD  189 

40 

55 
70 

Vdc 

Emitter- Base  Voltage 

VEB0 

5 

Vdc 

 , 

Collector  Current 

■c 

4.0 

Adc 

Base  Current 

'b 

2.0 

Adc 

Total  Device  Dissipation   T  =25°C 
Derate  above  25°C 

PD 

40 
320 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ,Ts,g 

—65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

3.12 

°  c/w 

ELECTRICAL  CHARACTERISTICS  (T  .  25-c  unM  otherwise  noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector-Emitter  Sustaining  Voltage" 
(lc  =  0.1  Adc,  lB  =  0) 

BVCE0" 

BD  185 
BD  187 
BD  189 

30 
45 
60 

Vdc 

Collector  Cutoff  Current 
(V     -40  Vdc,  1=0) 
(V^°  =  55  Vdc,  lp  =  0) 
(VCB  =  70  Vdc,  1^  =  0) 

'CBO 

BD  185 
BD  187 
BD  189 

pop 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc.  lc-0) 

'ebo 

1.0 

mAdc 

DC  current  Gain 
(1   =0.5  A,  V  =2V) 
<£=2A.  vJ**2V) 

hFE- 

40 

15 

Collector- Emitter  Saturation  Voltage" 
(lc  =  2Adc,  lB=0.2  Adc) 

VCE(sat)' 

1.0 

Vdc 

Base- Emitter  On  Voltage" 

VBE(on) 

Vdc 

dc  =  2Adc.  VCE  =  2.0  Vdc) 

1.5 

Current-Gain-Bandwidth  Product 

(lc  =  1.0  Adc.  VC£  =  10  Vdc.  f  =  1.0  MHz) 

«T 

2.0 

MHz 

:  Width  S  300  lis.  Duly  Cycle  £  2.0%. 


4  AMPERE 
POWER  TRANSISTOR 

NPN  SILICON 

30.  45.  60  VOLTS 
40  WATTS 


2  pit  DIA  THRU 


STYLE  I 

PIN  I  EMITTER 

2  COLLECTOR 

3  BASE 


HEAT  SINK 
CONTACT  AREA 
(BOTTOM! 


When  mounting  the  douce,  torque  not  to  *iceed007  meg 

If  lead  bending  n  required,  use  suitable  climps  or  other  supports 
between  Irsnsrstor  else  led  potnt  ol  bend 

All  dimension  in  millimeters 

CASE  77-04 


BD185,  BD187,  BD189 


GURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


The  Safe  Operating  Area  Curves  indicate  lc~vCE  limits  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj.  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 


2.0     3.0       5.0  10  20      30  SO 

VCE,  COLLECTOR-EMITTER  VOLTAGE  IVOLTSI 

FIGURE  2  -  COLLECTOR  SATURATION  REGION 


1 

Tj-2 

5°C 

rc 

0 

OA 

10  mA 

Jr 

M 

\ 

1.0  A 

: 

\ 

— 

L 

s 

i 

0.06  0.07  0.1 

10 
7  0 
50 


0.2      0.3        0.5    0.7     1.0  2.0      3.0        5.0    7.0  10 

IB.  BASE  CURRENT  ImA) 

FIGURE  3— NORMALIZED  DE  CURRENT  GAIN 


20       30         50     70    100  200     300  500 

FIGURE  4 — "ON"  VOLTAGE 
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IC.  COLLECTOR  CURRENT  (AMP)  F)GURE  5 — THERMAL  RESPONSE  'C.  COLLECTOR  CURRENT  (AMP} 


1.0  2.0    3.0      5.0         10  20 

I.  TIME  OR  PULSE  WIDTH  Imil 
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BD186 
BD188 
BD190 


® 


MOTOROLA 


PLASTIC  MEDIUM  POWER 
SILICON  PNP  TRANSISTOR 

.  .  .  designed  for  use  in  5  to  10  Watt  audio  amplifiers  utilizing 
complementary  or  quasi  complementary  circuits. 

•  DC  Current— hFE  =  40  (Min)  @  'c"0-5  Adc 

•  BD  186,  188.  190  are  complementary  with  BD  185.  187.  189 


MAXIMUM  RANGS 





Ratine 

Symbol 

Type 

Value 

Unit 

Collector- Emitter  Voltage 

VCEO 

BD  186 
BD  188 
BD  190 

30 
45 
60 

Vdc 

Collector- Base  Voltage 

VCB0 

BD  186 
BD  188 
BD  190 

40 
55 

70 

Vdc 

Emitter-Base  Voltage 

VEBO 

5 

Vdc 

Collector  Current 

4.0 

Adc 

Base  Current 

•b 

2.0 

Adc 

Total  Device  Dissipation   T_  =  25°C 
Derate  above  25°C 

PD 

40 

320 

Watts 

mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

J.  stg 

—65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 



*JC 

3.12 

-  c/w 

ELECTRICAL  CHARACTERISTICS  (T  -  25-c         oti»™.>«  noiMi 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector-Emitter  Sustaining  Voltage' 
dc  =  0.1  Adc.  IB  =  0) 

BVCE0" 

BD  186 
BD  188 
BD  190 

30 
45 
60 

Vdc 

Collector  Cutoff  Current 

(V     =40  Vdc.  I  -0) 
(V      -55  Vdc.  lp  =  0) 
<v£°  =  70  Vdc.  1^  =  0) 

'CBO 

BD  186 
BD  188 

BD  190 

0.1 
0.1 
0.1 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc.  Ic  -  0) 

'ebo 

1.0 

mAdc 

DC  current  Gain 
(I    =0.5  A.  V     =2  V) 
t£=2A.    V«  =  2V) 

40 
15 

Collector- Eminer  Saturation  Voltage* 
(lc  =  2.0  Adc.  IB- 0.2  Adc) 

VCE(sat)' 

1.0 

Vdc 

Base- Emitter  On  Voltage' 
(lc  =  2.0Adc,  VCE  =  2.0  Vdc) 

V 

BE(on) 

1.5 

Vdc 

Current-Gain-Bandwidth  Product 
0C-1  0  Adc.  VCE  =  10  Vdc.  f  =  1  0  MHz) 

2.0 

MHz 

•  Pulse  Test:  Pulse  Width  S  300  us.  Duly  Cycle  S  2.0%. 


4  AMPERE 
POWER  TRANSISTOR 

PNP  SILICON 

TS 


30.  45.  60  VOL' 
40  WATTS 


3.75 
4~oT 


: 


7.49  _J 
-74 


2.15 
2.41 


O.50 
0.66 

STYLE  I 

PIN  !  EMITTER 

2  COLLECTOR 

3  BASE 


0.38 
0.63 


3.68 
3.93 


.  2,92  put  THRO 


0.50 
0  66 


10.79 
11.04 


4 


15.36 
16.63 


0.63 
0.89 


■ 

HEAT  SINK 
NT  ACT  AREA  I 


1.14  2.41 
T9  j  2.66 


h*-T3v°P 

IB0TT0M) 

When  mourning  (tie  demce  torqw*  not  lo  e-ceed  007  m  kg 

H  lead  bendmg  u  required  use  sumbl«  clamps  or  other  sups  oris 
between  iranstsior  case  and  poml  ol  bend 

111  dimensions  in  millimeie/s 
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BD186,  BD188,  BD190 


E  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 
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2.0     3.0       5.0  10  20      30  SO 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 

FIGURE  2  -  COLLECTOR  SATURATION  REGION 


The  Safe  Operating  Area  Curves  indicate  lc-VCE  "rnits  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power-tempe. 


served  for  both  steady  state  and  | 
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FIGURE  3— NORMALIZED  DC  CURRENT  GAIN 
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BD205 
BD207 


® 


PLASTIC  HIGH  POWER 
SILICON  NPN  TRANSISTOR 

.  .  .  designed  for  use  in  high  power  audio 
complementary  or  quasi  complementary  circuits. 


•  DC  Current  Gain— hpE=30  (Min)  @  lc=2.0Adc 

•  BD  205.  207  are  complementary  with  BD  206.  208 


MAXIMUM  RATINGS 


Rating 

Symbol 

Typa 

Value 

Unit 

Collector  Ern  ner  Voltage 
i,oiiecior  Lminer  vo  rage 

V 

CEO 

BD  205 
BD  207 

45 
60 

Vdc 

C.ll.rctor-Base  Voltage 

v 

CBO 

BD  205 
BO  207 

55 
70 

Vdc 

Emitter-Base  Voltage 

v 

EBO 

5 

Vdc 

Collector  Current 

'c 

10.0 

Adc 

Base  Current 

'b 

6.0 

.  Adc 

Total  Device  Dissipation  TC=25°C 
Derate  above  25°C 

PD 

90 
720 

Watts 
mW/'C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.T«« 

—55  to  +150 

°c 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

4.8 
1° 

Thermal  Resistance.  Junction  to  Case 

9JC 

1.39 

•  C/W 

ELECTRICAL  CHARACTERISTICS  (I  -  25-c  „m.s.  o.h,.„„.  „oredi 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector-Emitter  Sustaining  Voltage* 
<lc- 0.2  Adc,  lB  =  0) 

BVCE0" 

BD  205 
BD  207 

45 
60 

Vdc 

Collector  Cutoff  Current 
(V     =55  Vdc.  1=0) 
<vj£-W  Vdc.  I*  =  0> 

'cBO 

BD  205 
BD  207 

1.0 
10 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0Vdc.  Ic  =  0) 

'ebo 

2.0 

mAdc 

DC  current  Gain 

(1    =  2A.  V      =  2  V) 
(l^  =  4A.V«  =  2V) 

hFE* 

30 
15 

Collector- Eminer  Saturation  Voltage* 
(lc  =  4  Adc,  lB  =  0  4  Adc) 

VCE(sat)' 

1.1 

Vdc 

Base-Emitter  On  Voltage* 
(lc  =  4  Adc,  VC£  r  2.0  Vdc) 

V  • 
vBE(on) 

1.6 

Vdc 

Current-Gain-Bandwidth  Product 
(1.- 1.0  Adc  V__  =  10Vdc  f-1.0  MHz) 

I  L;  ^  ■■  

1.5 

MHz 

•  Pulse  Test:  Pulse  Widlh  S  300  us.  Duly  Cycle  S  2.0%. 


10  AMPERE 
POWER  TRANSISTO 


R 


NPN  SILICON 
4 


45,  60  VOLTS 
90  WATTS 


3.2  MAX  1 

[ulttOKTHOtiiDI  | 


12.4 

'  13.2  " 


— f 

EMITTER—* 

1.24  1  ' 

are 

083 

1 


3.25  DM.  IHWJ 
"3.50. 


16 

i6.; 


14.9 

-  BASE  ^ 

 L 


•-4.2  TIP 

1.0 


f~  3.8 


HEAt  SINK 
COrtTACt  A8EA 


7 


1  r 


When  mounting  the  device,  torque  not  lo  exceed  0.09  m-kg. 

II  lead  bending  is  required,  use  suitable  clamps  or  other  supports 
between  transistor  case  and  point  ol  bend. 


Ill  liiineqiine*    n  m  II  rnolart 

■ii  dimensions  in  fnmimoiws 

CASE  90 


3-350 


BD205,  BD207 

FIGURE  1  —  ACTIVE  REGION  DC 
SAFE  OPERATING  AREA 


FIGURE  2  —  I 
DE 


[-TEMPERATURE 
CURVE 
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VCE.  COLLECTOR-EMITTER  VOLTAGE 


FIGURE  3  -  "ON  ■ 


Tc.  CASE  TEMPERATURE 

VOLTAGES 


FIGURE  4  —  CURRENT  GAIN 
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FIGURE  5  — THERMAL  RESPONSE 
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3-351 


BD206 
BD208 


(ft) 


PLASTIC  HIGH  POWER 
SILICON  PNP  TRANSISTI 


.  .  designed  for  use  in  high  power  audio  amplifiers  utilizing 
complementary  or  quasi  complementary  circuits. 





•  DC  Current-hFE=  30  I 

•  BD  206,  208  are  complementary  w 


MAXIMUM  RATINGS 

Rating 

Symbol 

Type 

Value 

Unit 

Collector- Emitter  Voltage 

VCEO 

BD  206 
BD  208 

45 
60 

Vdc 

Collector- Base  Voltage 

VCBO 

BD  206 
BD  208 

55 
70 

Vdc 

Emitter-Base  Voltage 

V 

EBO 

5 

Vdc 

Collector  Current 

'c 

10.0 

Adc 

Base  Current 

'b 

60 

Adc 

Total  Device  Dissipation   T  =25°C 
Derate  above  25°C 

PD 

90 
720 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Ts.fl 

—55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

"jc 

1  39 

°  c/w 

ELECTRICAL  CHARACTERISTICS   (T    .  25"C  unless  otha,wise  noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter  Sustaining  Voltage* 
dc  =  0.2  Adc,  lB=0) 

BVCE0" 

BD  206 
BD  208 

45 
60 

Vdc 

Collector  Cutoff  Current 
(V      =55  Vdc,  1=0) 
(VCB=70  Vdc'  'e  =  0) 

'CBO 

BD  206 
BD  208 

1.0 
1.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc,  lc  =  0) 

'ebo 

2.0 

mAdc 

DC  current  Gain 

(1    =  2A.  V      =  2  V) 
(lc  =  4A.VCE  =  2V) 

hFE" 

30 
15 

Collector-Emitter  Saturation  Voltage- 
dc  =  4Adc,    lB  -  0.4  Adc) 

VCE(sat)' 

1.1 

Vdc 

Base- Emitter  On  Voltage' 
(lc  =  4Adc.     VCE  =  2.0Vdc) 

V 

BE(on) 

1.6 

Vdc 

Current-Gain-Bandwidth  Product 
dc=1.0Adc.  VCE-10  Vdc,  f  =  1.0  MHz) 

*T 

1.5 

MHz 

'  Pulse  Test:  Pulse  Width  £  300  us.  Duly  Cycle  S  2.0%. 


10  AMPERE 
POWER  TRANSISTOR 

PNP  SILICON 

45,  60  VOLTS 
90  WATTS 


COLLECTOR  ~"  ^ 

CONTACT  AREA 
I80TT0M) 

Whan  mounting  Ihe  device,  lorque  not  to  exceed  0  09  m-kg 

If  lead  bending  is  required,  use  suitable  clamps  or  other  supports 
between  transislor  case  and  point  ol  bi 

'  sinm' 


3-352 


BD206,  BD208 


FIGURE  1  —  ACTIVE  REGION  DC 
SAFE  OPERATING  AREA 
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FIGURE  3  —  "ON"  VOLTAGES 


FIGURE  4  — CURRENT  GAIN 
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FIGURE  5  — THERMAL  RESPONSE 
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3-353 


BD232 


® 


MOTOROLA 


NPN  SILICON  MEDIUM  POWER  TRANSISTORS 

•  For  Power  Ouput  Stages  and  Line  Driver  in  Television  Receivers 


MAXIMUM  RATINGS 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 


Base  Current 


Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 

Tempera,ure  Ran9e  

THERMAL  CHARACTERISTICS 


 L 


Symbol 


vCEO 


VCES 


Tj.Tstg 


— 


20 
160 


Watts 
W/°C 


°C 


'150  |  


Charactariltlc 

Symbol 

Max. 

Unit 

Thermal  Re»iltano»,  Junction  to  Case 

9jC 

6.25 

SSIPATION  (W) 

FIGURE  1  -  POWER  DERATING 

o 
o 

a.  8 

D 

4 

0 

g          20         40         60          80          100         120        140  160 
TC  CASE  TEMPERATURE  CC) 

NPN  SILICON 
POWER  TRANSISTOR 


3.75 
JTJT 


7.49 
7.74 


3& 


style  i 

PIN  I  EMITTER 

2  COLLECTOR 

3  BASE 


3.68 
3.93 


.  2-9?  DIA  THRU 


3.30 


10.79 
TT04 


Whin  nounling  the  dttitl  IprqiM  no)  10  erCied  0  07  m  kg 

If  \t»0  bending  it  rwuir«!  uM  lmllblt  cUmps  or  othtf  iupports 


CASE  77-04 


3-354 


BD232 


ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Symbol 


Unit 


OFF  CHARACTERISTICS  111 


vCEO(Susl 

300 

- 

Vdc 

Collector  Cutoff  Current 

IVCE  =  500 Vdc,  Vbe  =  0) 

!CES 

0.1 

mAdc 

Base-Emitter  Voltage 

IVCE  =  5    Vdc,  lC=  150  mA) 

VBE 

1.0 

Vdc 

DC  Current  Gain 

nFE 

(VCE=  5  V,  lc=  50  mA) 
(VCE=  5  V,  lc=  150  mAI 

25 
20 

150 

Collector  Emitter  Saturation  Voltage 
llc=  150  mA,  lB=  15  mA) 

vCE(sat) 

1.0 

Vdc 

FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


"I 

\  501 

— 

- 
l 

0  ms^%- 

-d 

c- 



  Bondinf  win  lioiitid 

IbtttU  puis) 

I 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  lc  VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  6  is  based  onTj(pk)  *  150°C.  Tcisvariable 
depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10°/o  provided  Tj(pk)  <  150°C. 
Tj(pk)  may  be  calculated  from  the  data  in  figure  7.  At  high 
case  temperatures,  thermal  limitations  will  reduce  the  power 
that  can  be  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN-415A) 
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3-355 


BD233 
BD235 
BD237 


® 


MOTOROLA 


PLASTIC  MEDIUM  POWER 
SILICON  NPN  TRANSISTOR 

.  .  .  designed  for  use  in  5  to  10  Watt  audio  amplifiers  and  drivers 
utilizing  complementary  or  quasi  complementary  circuits. 

FE  =  40  (Min)  e  lc=015  Adc 

with  BD  234.  236.  238 


•  DC 

•  BD  233,  235,  237  are 


MAXIMUM  RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

BD  233 
BD  235 
BD  237 

45 
60 

Vdc 

VCEO 

80 

Collector- Base  Voltage 

VCBO 

BD  233 
BD  235 
BD  237 

45 

60 
80 

Vdc 

Emitter-Base  Voltage 

V 

EBO 

5 

Vdc 

Collector  Current 

'c 

2.0 

Adc 

Base  Current 

1.0 

Adc 

Total  Device  Dissipation  TC=25°C 

PD 

25 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ,T«. 

55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

flJC 

60 

•  C/W 

ELECTRICAL  CHARACTERISTICS   [T    -  25»C  Unl.»  oiherwcs.  notod) 


Symbol 

Type 

Min 

Max 

Unit 

Collector-Emitter  Sustaining  Voltage' 
(lc  =  0.1  Adc,  lB»0) 

BVCEO 

BD  233 
BD  235 
BD  237 

45 
60 
80 

Vdc 

Collector  Cutoff  Current 
(V      =45  Vdc,  I  -0) 
(V^°-60  Vdc.  C  =  0) 
(V^B  =  80  Vdc.  \*-0) 

'CBO 

BD  233 
BD  235 
80  237 

0.1 
0.1 
0.1 

mAdc 

Eminer  Cutoff  Current 
(VBE-50  Vdc.  lc-0) 

'ebo 

1.0 

mAdc 

DC  current  Gain 
(I    -0.15  A,  V     -2  V) 
(lg>1A,      V^  =  2V) 

hFE1 
nFE2 

40 
26 

Collector- Eminer  Saturation  Voltage* 
(lc=1  Adc.  lg-0.1  Adc) 

V  * 
CE(sat) 

0.6 

Vdc 

Base-Emitter  On  Voltage* 
(lc»1  Adc,  VCE=2.0Vdc) 

V  * 

BE(on) 

1.3 

Vdc 

Current -Gain -Bandwidth  Product 
(I  c  -  250  mAdc.  VC£  - 1 0  Vdc.  f  - 1 .0  M  Hi) 

fT 

3.0 

MHz 

'  Pul«  Tel:  Pulie  Width  S  300  ,u.  Duty  C^k  S  20%. 


2  AMPERE 

TRANSISTOR 

NPN  SILICON 

45,  60,  80  VOLTS 
25  WATTS 


3.75 
4.01 


_  7.49 

7-4  ~ 


2.15 
2.41 


r 


&5g_ 

0.66 

STYLE  1 

PIN  I  EMITTER 

2  COLLECTOR 

3  BASE 


Q.3B 
0.63 


3.68 
3.93 


1§2  DIA  THRU 


3.M 


1 

10.79 
11.04 

-4 

5.36 
6.63 

i 


15.36 
16.63 


U-  2.36  T  P. 
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—A  _ -  0  63 
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nil  dimenjione  in  millimelerj 

CASE  77-04 


3-356 


BD233,  BD235,  BD237 

FIGURE  I  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


j  1 — L 


The  Safe  Operating  Area  Curves  indicate  I c~ VCE  l'm'tt  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj.  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 
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FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3—  CURRENT  GAIN 
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3-357 


BD234 
BD236 
BD238 


(8)" 


PLASTIC  MEDIUM  POWER 

sim 


-ICON  PNP  TRANSISTOR 

.  .  .  designed  for  use  in  5  to  1 0  Watt  audio  amplifiers  and  drivers 
utilizing  complementary  or  quasi  complementary  circuits. 


•  DC  Current  Gain — =  40  (Min) 

•  BD  234,  236,  238  are  complementary  with  BD  233,  235,  237 


lc=  0.15  Adc 


MAXIMUM  RATINGS 





Rating 

Symbol 

Type 

Value 

Unit 

Collector- Emitter  Voltage 

VCEO 

BD  234 
BD  236 
BD  238 

45 
60 
80 

Vdc 

Collector- Base  Voltage 

BD  234 

45 

Vdc 

V 

CBO 

BD236 
BD  238 

60 
80 

Emitter- Base  Voltage 

VEBO 

5 

Vdc 

Collector  Current 

2.0 

Adc 

'c 

Base  Current 

'b 

1.0 

Adc 

Total  Device  Dissipation  T^ 

=25°C 

PD 

25 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ,Ts«g 

—55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

9JC 

5.0 

°  C/W 

ELECTRICAL  CHARACTERISTICS  it  -  25-c  „ni«=  om.r«»<,  noted; 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector-Emitter  Sustaining  Voltage' 
(lc  =  0.1  Adc,  lB  =  0) 

BV 

BD  234 
BD  236 
BD  238 

45 
60 
80 

Vdc 

Collector  Cutoff  Current 
(V     >45  Vdc,  1  =0) 
(V~°  =  60  Vdc.  C  =  0) 
(V^  =  80  Vdc.  1^-0) 

'CBO 

BD  234 
BD  236 
BD  238 

odd 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc.  Ic  =  0) 

'ebo 

1.0 

mAdc 

DC  current  Gain 
(1    =0.16  A.  V     -2  V) 
A      V«  =  2V) 

nFE1 
hFE2 

40 
25 

Collector- Emitter  Saturation  Voltage- 
(lc=1  Adc,  lB  =  0,1  Adc) 

VCE(sat)' 

0.6 

Vdc 

Base- Emitter  On  Voltage* 
0C  =  1  Adc.  VCE=2.0  Vdc) 

VBE(on)' 

1.3 

Vdc 

Current-Gain-Bandwidth  Product 

( I  c  =  250  mAdc.  VCE  -  1 0  Vdc.  f  =  1 .0  M  Hz) 

<T 

3.0 

MHz 

S  300  us.  Duty  Cycle  S  2  0%. 


2  AMPERE 

POWER  TRANSISTOR 


PNP  SILICON 


45,  60.  80  VOLTS 
25  I 


?J>2  OIA  THRU 


STYLE  I 

PIN  1  EMITTER 
1  COLLECTOR 
3  BASE 


HEAT  SINK 
C0NIACT  AREA 
iBOTTOM) 


Wnen  mounting  the  deuce  torguo  not  to  eiceed  0  0*  m  eg 

It  lead  Sending  u  lequtree  use  suitable  clamps  ot  olher  supports 
ase  and  pe.rn  ol  bend 
At!  dimensions  m  m- 

CASE  77-04 


3-358 


BD234,  BD236,  BD238 


FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  A 


The  Safe  Operating  Area  Curves  indicate  lc~vCE  limits  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 


3  »  3 

COLLECT  OH  *  EMITTER     VOLTAGE  (VOLTS  ) 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3— CURRENT  GAIN 
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FIGURE  5—  THERMAL  RESPONSE 


2.0  3.0    5.0      10      20  30    50     100     200  300  500 
lc.  COLLECTOR  CURRENT  In* 
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2.0    3.0  5.0 
HE  OR  PULSE  WIDTH 


20  30 


200   300     500  1000 


NPN  PNP 

BD239  BD240 

BD239A  BD240A 

BD239B  BD240B 

BD239C  BD240C 


COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTORS 

. . .  designed  for  use  in  general  purpose  amplifier  and  switching 
applications.  Compact  TO-220  AB  package.  TO-66  leadform  also 
available  ordered  with  "66"  suffix. 


2  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

45,  60.  80.  100  VOLTS 
30  WATTS 


Collector-Emitter  Voltage 


Emitter  Base  Voltage 


Collector  Current  -  Continuous 
Peek 


Total  Device  Dissipation 
•  TC  -  25°C 
Derate  above  25°C 


Total  Device  Dissipation 
«»  TA  -  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


VCEQ 


'0 


BD239 
BD240 


BD239A 
BD240A 


BD239B 
BD240B 


BD239C 
BD240C 


-  2.0  - 
■  0.016- 


Watts 
W/°C 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Character  istic 

Max 

Unit 

Thermel  Resistence.  Junction  to  Case 

R»JC 

4  167 

°c/w 

Thermel  Rati 

tonce,  Junction  to  Ambient 

R»JA 

62.6 

"cm 

ELECTRICAL  CHARACTERISTICS  ITC  •  25°C  unless  otherwise  notedl 

Cherectarink 

Symbol 

Mm 

Ma. 

Unit  | 

OFF  CHARACTERISTICS 

Collector-Emitter  Sutteining  Voltage  111            BD239.  BD240 
llc  -  30  mAdc.  IB  -  01                             BD239A,  BD240A 
BD239B,  BD240B 
B0239C,  8D240C 

VcEO(sus) 

46 

60 
80 
100 

Vdc 

Collector  Cutoff  Current 

(Vqe  -  30  Vdc.  Ib  -  01                        BD239A,  BD240A 
,VCE  "  60  Vdc,  >B  =  01                        BD239B.C.  BD240B,  C 

'ceo 

0.3 
0.3 

mAdc 

Collector  Cutoff  Current 

IVCE  -  4B  Vdc,  Veb  -  0)                          B02M.  BD2« 
IVCE  -  60  Vdc.  VEB  -0)                           BD239A,  BD240A 
IVCE  -  80  Vdc,  VEB  ■  0)                           BD239B.  BD240A 
IVCE  -  100  Vdc.  VEB  -  0)                         B0239C.  BD240C 

'CES 

200 
200 
200 
200 

MAdc 

Emitter  Cutoff  Current 

'EBO 

1.0 

mAdc 

IVBE  "  5.0  Vdc.  Ic  -  01 

ON  CHARACTERISTICS  111 

DC  Current  Gain 

(IC  -  0.2  Adc,  VCE  -  4.0  Vdcl 
(lc  -  1.0  Adc.  VCE  -4.0  Vdcl 

"FE 

40 

15 

Collector-Emitter  Saturation  Voltage 
llc-  1.0  Adc,  lB  -  200  mAdc] 

VCEIsatl 

0.7 

Vdc 

Base-Emitter  On  Voltage 

llc  ■  1.0  Adc.  VCE  -4.0  Vdcl 

vBE(on) 

1.3 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product  12) 

llc  ■  200  mAdc.  VCE  -  10  Vdc,  !,„,  -  1  MHil 

t 

3.0 

MHz 

Small-Signel  Current  Gein 

llc  "  0.2  Adc.  VCE  -  10  Vdc,  I  -  1  kHil 

20 

11 1  Pulse  Test:  Pulse  Width  <  300  us.  Dutv  Cycle  <  2.0%. 
UlfT-'hf.UfN,, 

I3I  This  rating  based  on  testing  with  l_e  ■  20  mH.  RBE  -  100  n,RE  -0.1  n.  Ic-  1JA. 


I—* 

r— c 


— IDf 

JUJ 


U 

Dr- 


123 

nn 


STYLE  1: 

PIN  1.  BASE 

2  COLLECTOR 

3  EMITTER 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

Mill 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

I 

9  55 

10.29 

0.380 

0.405 

C 

4  36 

4.82 

0.160 

0.190 

0 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2  79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.64 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

4- 

5.97 

6.48 

0.235 

0.255 

0.76 

1.27 

0.030 

0.050 

CASE  221A-02 
TO-220AB 


3-360 


BD239,  BD239A,  BD239B,  BD239C  NPN 
BD240,  BD240A,  BD240B,  BD240C  PNP 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  TURN-OFF  TIME 


601  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I 
0  03      0  05  0  07   0  1  0.3       05    0  7  10 

IC.  COLLECTOR  CURRENT  IAMPI 


FIGURE  3  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT 


TURN  ON  PULSE 
APPROX 
♦  11  V 


VEBIoH) 


0.07   0.1  0.2     0.3       0.5    0.7     1.0  2  0  30 

IC.  COLLECTOR  CURRENT  (AMP) 

FIGURE  4  -  TURN-ON  TIME 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq-VcE  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  F  igure  5  is  based  on  Tjjp^j  =  1 50°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<)  <  150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown.  (See  AN-41 5A). 


NPN  PNP 

BD241  BD242 

BD241A  BD242A 

BD241B  BD242B 

BD241C  BD242C 


® 




COMPLEMENTARY  SILICON  PLASTIC 

POWER  TRANSISTORS 

.  .  .  designed  for  use  in  general  purpose  amplifier  and  switching 
applications. 


:ollector-Emitter  Saturation  Voltage  - 
Vce  =  1?  Vdc  (Max)  <s>  lc  =  3.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  - 

vCEO  (sus)  =  45  Vdc  (Min. )      BD241 ,  BD242 

=  60  Vdc  (Min.)  BD241A,  BD242A 
=  80  Vdc  (Min.)  BD241 B,  BD242B 
=  100  Vdc  (Min.)     BD241C,  BD242C 

•  High  Current  Gain  -  Bandwidth  Product 

fj  *  3.0  MHz  (Min)  @  lc  =  500  mAdc 

•  Compact  TO-220  AB  Package 

•  TO-66  Leadform  Also  Available  ordered  with  "-6( 


RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


tter  Base  Voltage 
>r  Cu 


lector  Current  -  Continuous 
Peak 


Base  Current 


Total  Device  Dissipation 
@  TC  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


"CES 


Tj.fstg 


BD241 
BD242 


BD241 A 
BD242A 


BD241B 
BD242B 


BD241C 
BD242C 


■  3.0 
-5.0  ■ 


Adc 
Adc 


== 


Watts 

W/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R«JC 

3.125 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R8JA 

62.5 

°C/W 

FIGURE  1  -  POWER  DERATING 


i  X 

r  - 

1  

• — - 

1  

— J — — 

, — 1 

- 



\ 

-X- 

1 — 

D         20         40         60         SO        100        120        140  160 
Tc,  CASE  TEMPERATURE  (°C) 


3  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

45,  60.80.  100  VOLTS 
40  WATTS 




— 1 

-  s 

T 

1 

—  ■  c 
—  1  I 

T 

A 

Iff 

j  SECT  A  A 

J 

— —  R 

STYLE  1 

PIN  I.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4  COLLECTOR 


—  e  — 

1 

St 

Q 

1    1  3 

t 

H 

1 

if 

-L 

,  -1    1—  ti 
—  N  

MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

15  11 

15.75 

0.596 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

0 

064 

089 

0.025 

5.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

241 

267 

0.095 

0  105 

2.7S 

3.30 

0  110 

0  130 

-J- 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0  562 

L 

1.14 
4.83 

_  1.27 

0.045 

0.050 

N 

5.33 

0.190 

0.210 

a 

2  54 

3.04, 

0.100 

0.120 

n 

2.04 

2.79 

s 

-JM- 

1.39 

T 

5.97 

6.48 

JJ351 

oioso  1 

U 

0.76 

1.27 

0.030 

CASE  221A-02 


3-362 


BD241,  BD241A,  BD241B,  BD241C  NPN 
BD242,  BD242A,  BD242B,  BD242C  PNP 


ELECTRICAL 


Characteristic  |         Symbol      |  Min.        |  Max.        |  Unit.  | 

OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage1                   BD241,  BD242 
(lC"30mAdc.  IB»0)                                 BD241A,  BD242A 

BD241B,  BD242B 
BD241C.  BD242C 

VCEO 

45 
60 
80 
100 

Vdc 

Collector  Cutoff  Current 

(VCE  -  30  Vdc,  lB  -  0)        BD241,  BD241  A,  BD242.  BD242A, 
(VCE  "  60  Vdc,  lB  =  0)        BD241B,  BD241C.  BD242B,  BD242C 

'CEO 

0.3 
0.3 

mAdc 

Collector  Cutoff  Current 

(VCE  -  45  Vdc.  VEB  -  0)  BD241.BD242 
(VCE  -  60  Vdc.  VEB  -  01                              BD241  A,  BD242A 
(VCE  -  80  Vdc,  VEB  -  0)                              BD241  B,  BD242B 
(VCE=100Vdc,  VEB  =  0l                            BD241C,  BD242C 

Ices 

200 
200 
200 
200 

JJAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc.  IC  =  0) 

Iebo 

1.0 

mAdc 

ON  CHARACTERISTICS1 


DC  Current  Gain 

(lc- 1.0  Adc,  VCE=4.0Vdc) 
(lc-3.0  Adc,  VCE«4.0  Vdc) 

"FE 

25 
10 

Collector-Emitter  Saturation  Voltage 
(lc- 3.0  Adc,  lB- 600  Adc) 

vCEIsat) 

1.2 

Vdc 

Base-Emitter  On  Voltage 

He  -  3.0  Adc,  VCE  -  4.0  Vdcl 

vBE(on) 

1.8 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product2 

(IC  =  500  mAdc,  VCE  -  10  Vdc,  ftest  -  1  MHz) 

<J 

3.0 

MHz 

Small-Signal  Current  Gain 

(lC-0.5Adc,VCE-10Vdc,f  =  1l<Hz) 

hfe 

20 

»<t "  * 

1  Pulse  Test:  Pulse  Width  <  300  /*,  Dutv  Cycle  <  2.0% 
2'T-|hfel»W 

2  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT 


TURN-ON  PULSE 
APPROX    ,  ,  VCC  O 


13  1—  Cjd  «  C«b 

I      ti  «;  7.0  ns 
|  100<t2<5OOus  -».0V 
t3  <  15  nl 


DUTY  CYCLE  «  2.0% 
TURN-OFF  PULSE         APPROX -9.0  V 


FIGURE  3  -  TURN-ON  TIME 


0.05  0.07    0.1  0.3        0  5    0.7  1.0 

lC.  COLLECTOR  CURRENT  (AMP) 


3-363 


BD241,  BD241A,  BD241B,  BD241C  NPN 
BD242,  BD242A,  BD242B,  BD242C  PNP 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


10  20 

IC.  COLLECTOR  CURRENT  IAMPI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  Iq-Vq^  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subiected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  5  is  based  on  Tjfpk)  =  150°C;  Tq  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  <  150°C.  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  4  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
(See  AN-415A). 


3-364 


BD241,  BD241A,  BD241B,  BD241C  NPIM 
BD242,  BD242A,  BD242B,  BD242C  PNP 


FIGURE  8  —  DCCURR 


LPRRENT  GAIN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 
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FIGURE  11  -  TEMPERATURE  ( 


Mill      II      1    1   1  I.HI 
•APPLIES  FOR  lc/l8<liFE'2 
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T 

- -65°C 
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FIGURE  12  -  COLLECTOR  CUT  OFF  REGION 


FIGURE  13  -  EFFECTS  OF  BASE-EMITTER  RESISTANCE 


o-oDD 


BD243  243B  BD244  244B 
243A  243C  244A  244C 


® 


MOTOROLA 


COMPLEMENTARY  SILK 


JON  PLASTIC 
POWER  TRANSISTORS 

designed  for  use  in  general  purpose  amplifier  and  switching 


applications. 

•  Collector  Emitter  Saturation  Voltage  - 

VCE(sat)  »  1.5  Vdc  (Max)  <5>  lc   =  6.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  - 

vCEO(susl  =  45  vdc  (Min>  —  SD243,  BD244 

=  60  Vdc  (Min)  —  BD243A.  BD244A 
=  80  Vdc  (Min)  —  BD243B.  BD244B 
=  100  Vdc  (Min)  —  BD243C.  BD244C 

•  High  Current  Gam  -  Bandwidth  Product 

fT  -  3.0  MHz  (Mm)  @  lr  .  500  mAdc 
i 

•  Compact  TO  220  AB  Package 


6  AMPERE 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

45-60-80-100  VOLTS 
65  WATTS 


•MAXIMUM  RATINGS 


Rating 


Collector  Emitter  Voltage 


Collector  Base  Voltage 


Emitter  Base  Voltage 


Collector  Current  Continuous 
Peak 


Base  Current 


Total  Device  Dissipation 
<9>  TC  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


VEB 


TJTstg 




THERMAL  CHARACTERISTICS 


BD243 
BD244 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rejc 

1  92 

°c/w 

FIGURE  1  -  POWER  DERATING 

Pn,  POWER  DISSIPATION  (WATTS) 
o               o                o                 o  c 

20        40        60         80        100        120  II 
>C.CASE  TEMPERATURE  (°CI 

0  160 

STYLE  1 

PIN  I  BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

15  11 

15  75 

0  595 

0  620 

B 

9  78 

fd03 

0  385 

0  395 

C 

h  4  06 

482 

0  160 

0  190 

D 

064 

0  89 

0025 

0  035 

f 

361 

3.73 

0  142 

0  147 

G 

2  41 

2.67 

0.095 

0  105 

H 

2  79 

3.30 

0.110 

0  130 

J 

036 

056 

0014 

0022 

K 

12  70 

1427 

0  500 

0  562 

L 

"  1  14 

fit 

0  045 

0  050 

N 

4.«J_ 

5  33" 

0  190 

0  210 

Q 

254 

3  04 

o  ioo 

0  170 

R 

2  04 

279 

0  080 

"o  110 

S 

1.14 

1.39 

0045" 

0  056 

T 

5  97 

6  48 

0235 

0.255 

U 

0  76 

1.27" 

0  030 

0  050 

CASE  221A  02 
TO  220AB 


3-366 


BD243,  243A,  243B,  243C,  BD244,  244A,  244B,  244C 


ELECTRICAL  CHARACTERISTICS   <TC  -  2S°C  unless  otherwise  notedl 


1 

OFF  CHARACTERISTICS 

Cheraeteriitic                                                 Symbol                Min                   Mix  Unit 

Collector-Emitter  Sustaining 
llc  -  30  mAdc.  IB  -  0) 

/oltage  111 

BD243.  B0244 
BD243A.  BD244A 
BD243B.  BD244B 
BD243C.  BD244C 

VCEO(sus) 

45 
60 

80 
100 

Vdc 

Collector  Cutoff  Current 

(VCE  -  30  Vdc,  lB  -  0)                    BD243.  BD243A.  BD244,  BD244A 
(VCE  -  60  Vdc,  lB  =  0)                    BD243B,  BD243C.  BD244B.  BD244C 

'CEO 

0.7 
0.7 

mAdc 

Collector  Cutoff  Current 

(Vc[  =  45  Vdc.  V„  =  0)                                      BD243.  BD244 
(VCI  =  60  Vdc.  V„  =  0)                                          BD243A.  BD244A 
(Vct  =  80  Vdc.  V„  =  0)                                      BD243B.  BD244B 
(VCI  =  100  Vdc,  V„  =  0)                                     BD243C.  BD244C 

ices 

400 
400 
400 
400 

MAdc 

Emitter  Cutoff  Current 
(VBE  ■  5.0  Vdc,  lC  =0) 

lEBO 

10 

mAdc 

ON  CHARACTERISTICS  (tl 

DC  Current  Gain 

IIC  -  0  3  Adc.  Vce  ■  *  0  Vdcl 
(IC  ■  3  0  Adc.  VCE  -  4.0  Vdcl 

nF  E 

30 
15 

Collector-Emitter  Saturation  Voltage 
(lc  =  6  0  Adc.  I,  =  1  Adc) 

vCEIsatl 

1.5 

Vdc 

Base  Ermtter  On  Voltage 

llc  =  6  0  Adc.  VCE  .  4.0  Vdcl 

vBE(onl 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gam  -  Bandwidth  Product  12} 

llc  -  500  mAdc.  Vje  "  '0  Vdc.  f,es,  *  '  MHzl 

<J 

3.0 

MHz 

Small-Signal  Current  Gam 

IIC  ■  0  5  Adc.  Vrj;E  «  10  Vdc.  f  =  1  kHzl 

hfe 

20 

111  Pulse  Test:  Pulsewidth  <£  300  us.  Duty  Cycle  *  2.0V 
12)  fT  ,  h„  .f,„, 


FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 


FIGURE  3  -  TURN-ON  TIME 


if  nclO»s 

Outv  CYCLE  =  10*  -4  V 

Re  inn  "c  VARIE0  TO  0BTA|\  DESIRED  CURRENT  LEVELS 
D,  MUST  BE  FAST  RECOVERY  TYPE  (, 
MBDS300  USEO  ABOVE  Ig     100  -A 
MSD6100  USED  BELOW  l6    100  mA 


SCOPE 

3 

0  3 

IME 

0  2 

- 

0  1 

0  07 
0  05 

0  03 
0  07 


0  06        0  1 


[  1 
=  25°C  ~ 
;c  =  30v_ 
/lo  =  in  - 

Tj 
V 

~  lr 

s 

i 

v 

Iri 

M 

i 

III  » 

y  v 

— i 
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IC  COLLECTOR  CURRENT  IAMPI 


04     06  10 


3-367 


BD243,  243A,  243B,  2*130,  BD244,  244A,  244B,  244C 


FIGURE  4  -  THERMAL  RESPONSE 


200    300     500  1000 


ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  abilitv  of  a 
transistor  average  junction  temperature  and  second  breakdown 
Sale  operating  area  curves  indicate  \q  Vqj;  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  i.e  ,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  150°C,  Tq  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|,.)  ^  15G°C  Tj|pkl  maV  be 
calculated  from  the  data  m  Figure  4  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
(See  AN-415AI. 
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VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 
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BD243,  243A,  243B,  243C,  BD244,  244A,  244B,  244C 


FIGURE  8  -  DC  CURRENT  GAIN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 
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FIGURE  12  -  COLLECTOR  CUT-OFF  REGION 
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FIGURE  11  -  TEMPERATURE  COEFFICIENTS 
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FIGURE  13  -  EFFECTS  OF  BASE  EMITTER  RESISTANCE 


NPN 

BD311 

PNP 

BD312 


® 


MOTOROLA 


COMPLEMENTARY  SILICON 
HIGH-POWER  TRANSISTORS 


. .  .  designed  for  high  quality  amplifiers  operating  up  to  60  Watts 
into4ohm,oad. 

•  High  DC  Current  Gain 

•  Excellent  Safe  Operating  Area 

•  High  Current  Gain  —  Bandwidth  Product  —  Typical 
fT=4.0MHz@lc  =  0.5A 




MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Coll. 


mitter-Base  Voltage 


ector  Current  -  Continuous 

=  


Total  Device  Dissipation  <5>  Tc  -  25  °  C 
Derate  above  25  °C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


VCB 


VEB 


Pd 


Tj.  Tst 


10 
20 


4.0 


115 
0.658 


>  to  +200 


THERMAL  CHARACTERISTICS 


FIGURE  1  -  POWER  DERATING 


\ 

60       SO      100      120     140      160     180  ZOO 
Tc.  TEMPERATURE  CCI 


Watts 

W/°C 


Characteristic 

Symbol 

Max. 

Unit. 

Thermal  Resistance,  Junction  to  Case 

OJC 

1.52 

°C/W 

10  AMPERE 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60  VOLTS 
115  WATTS 


Pin  1.  BASE 
2.  EMITTER 


Olmtnalons  In  millimeters 
Collector  connected  to  esse 


CASE  1 1 
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BD311  NPN,  BD312  PNP 


ELECTIRCAL  CHARACTERISTICS*  (TC  =  25  °C  unless  otherwise  noted) 


Characteristic 

Symbol 

Max. 

Unit 

OFF  CHARACTERISTICS 

1  1 

Collector-Emitter  Sustaining  Voltage' 

(IC-  200mAdc.  IB  =  0) 

VCEO(sus) 

60 

Vdc 

Collector-Base  Cutoff  Current 
(VCB»  Rated  VCB.  lE-0) 

ICBO 

1.0 

mAdc 

Emitter-Base  Cutoff  Current 
(VBE«7.0Vdc.  IC  -  0) 

!eBO 

1.0 

mAdc 

ON  CHARACTERISTICS' 

DC  Current  Gain 
(lC  =  5.0  Vdc,  VCE  -  4.0  Vdcl 
IIC=  10Adc,  VCE  =  4.0Vdc) 

Hfe 

25 
5 

- 

Collector-Emitter  Saturation  Voltage 
(lC-5.0Adc,  lB  =  0.5Adcl 

Vdc 

vCE(sat) 

1.0 

Base-Emitter  Saturation  Voltage 
(lC=5.0Adc,  lB- 0.5  Add 

VBEIsatl 

1.8 

Vdc 

Base-Emitter  On  Voltage 
llc  -  5.0  Adc,  VCE  -  4.0  Vdc) 

vBE(on| 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS' 

Current-Gain  —  Bandwidth  Product3 
<IC  -  0.5  Adc,  VCE  "  10  Vdc,  ftest  =  1.0  MHzl 

'T 

4.0 

MHz 

SECOND  BREAKDOWN 





Second  Breakdown  Collector  Current 
(VCE  =  39  Vdc.  t- 0.5  sec.) 
<VCE  =  50  Vdc,  t  =  0.5  sec.) 


Pulse  test:  Pulse  width  K  300  us.  Duty  Cycle  S 


!S/B 


2.95 
0.60 


J  


ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lq  -  Vce  limits  of  the 
transistor  that  must  be  observed  for  reliable  operation,  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 

i  pulse  limits  are  valid  for  duty  cycles  to  10%. 


At  high  ^ase  temperatures,  thermal 
power  that  can  be  handled  to  values 
imposed  by  second  breakdown. 


10  20  30  50  60 

vce.  collector-emitter  voltage  iyoltsi 
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BD311  NPN,  BD312  PNP 


■ 

■ 

■ 


3-372 


® 


NPN  PIMP 

BD315  BD317 
BD316  BD318 


COMPLEMENTARY  SILICON 
HIGH-POWER  TRANSISTORS 

...  designed  for  high  quality  amplifiers  operating  up  to  100  Watts  into 
4  ohm  load  with  BD315.  BD316  and  into  8  ohm  load  with  BD317. 
BD318. 


t  High  DC  Current  Gain 


#  Excellent  Safe 


0  High  Current  Gain 
f,  =  2  0  MHz  <a  lc 


Bandwidth  Product  —  Typical 
1.0  A 





 I 


16  AMPERE 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

80-100  VOLTS 
200  WATTS 


■ 


MAXIMUM  RATINGS 


Rating 


Collector-Emttter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Base  Current  —  Continuous 


Total  Device  Dissipation  <§>  Tc  «  25°C 
Derate  above  25°C 


Temperature  Range 


Symbol 


vCEO 


VCB 


VEB 


TJ.  Tstg 


BD315 
BD316 


80 


BD317 
BD318 


100 


100 


7.0 


16 

20 


200 
1.14 


-65  to  +200 


Watts 

W/°C 


°C 





THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

"ic 

0875 

°c/w 

200 

|  150 

~ 
g 
< 

a 

Si 

1  50 

0 

FIGURE  1  -  POWER  DERATING 

0        20       40       60       80       100     120     140      1  60      180  201 
TC.    TEMPERATURE  (°C) 

1 

STYLE  I 

PIN  1  BASE 

2  EMITTER 
CASE  COLLECTOR 


1    DIM  "Q'  IS  OIA 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39  37 

1  550 

I 

21  08 

0  830 

C 

6  35 

7  62 

0  250 

0  30D 

D 

0  99 

1  09 

0  039 

0  043 

E 

3  43 

0  135 

( 

F9~9iT 

"30  40  ' 

"mtT 

1  197 

G 

10  67 

II  18 

0  420 

0  440 

V 

5  33 

5  59 

0  210 

0  2  20 

J 

1664 

17  15 

0  666 

0  676 

k 

II  18 

12  19 

0  440 

11480 

a 

3.84 

4  09 

0  151 

0  161 

R 

26  67 

1  050 

Collector  connected  la  CMC 
CASE  11  (TO-3I 
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BD315,  BD316,  BD317,  BD318 


ELECTRICAL  CHARACTERISTICS  (Tc      25  C  unless  otherwise  noted) 


Characteristic 


OFF 


Symbol 


CHARACTERISTICS 




VCK>  „.., 


Collector-Emitter  Sustaining  Voltage  (1) 
<lc  =  200  mAdc.  I,  =  0) 


BD315,  BD316 
BD317.  BD318 


80 
100 


Vdc 


(Vc. 


Cutoff  Current 
Bated  VC1,  Ij  =  0) 


1  0 


mAdc 


1.0 


Emitter-Base  Cutoff  Current 
(V„  =  7  0  Vdc.  Ic  =  0) 











mAdc 



ON  CHARACTERISTICS  (1) 


DC  Current  Gain 
lc  =  5.0  Adc,  V«  =  4  0  Vdc 
lc  =  8  0  Adc.  VCE  =  4  0  Vdc 
lc  =  10  Adc.  Vce  =  4.0  Vdc 


BD317.  BD31B 
315.  B0316 
All  Types 


hrt 


Collector-Emitter  Saturation  Voltage 
lc  =  8.0  Adc,  I,  =  0  8  Adc 





VCE  lldl 


Vdc 


lc  =  8  0  Adc.  I,  =  0  8  Adc 


Base-Emitter  On  Voltage 
(lc  =  8.0  Adc.  Vci  =  2.0  Vdc) 


VIE  lioll 


1.8 


1.5 


DYNAMIC 


CHARACTERISTICS 


Current-Gain — Bandwidth  Product  (2) 
(lc  =  1.0  Adc.  Vct  =  20  Vdc.  t,.„  =  0  5  MHz) 


<r 


(1)  Pulse  Test:  Pulse  Width  <  300  Ht.  Duty  Cycle  >  2.0% 


FIGURE  t  —  ACTIVE  REGION  SAFE 


There  are  two  limitations  on  the  power  handling  ability  ot  a 
transistor:  average  junction  temperature  and  second  break- 
down Sate  operating  area  curves  indicate  lc  —  Vct  limits  ol  the 
transistor  that  must  be  observed  lor  reliable  operation,  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  Figure  2  is  based  on  TJ(pk,  =  200°C;  Tc  is 
variable  depending  on  conditions.  Second  breakdown  pulse 
limits  are  valid  for  duty  cycles  to  10%  provided  TJ(pfc,  <200-  C. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN-415). 

■ 


Vqe.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 
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BD315,  BD316,  BD317,  BD318 
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BD387 
BD389 


® 


NPN  SILICON  ANNULAR* 
AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  general-purpose,  medium-voltage,  medium  power 
amplifier  and  driver  applications;  series,  shunt  and  switching  regu- 
lators, and  low  and  high  frequency  inverters  and  converters. 

•  High  Collector-Emitter  Breakdown  Voltage  - 

BVcEO  "  100  Vdc  (Min.)  @  lc  =  1 .0  mAdc  -  BD389 

•  Duowatt  Package  -  2  Watts  Free  Air  Dissipation  @>Ta  =  25°C 

•  Complements  to  PNP  BD386,  BD388,  BD390 





DUOWATT 

NPN  SILICON 
AMPLIFIER  TRANSISTORS 


MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current 


Continuous 
Peak  (11 


Total  Power  Dissipation  @  T/y  =  25°C 
Derate  above  25°C  


Total  Power  Dissipation  @  Tq  -  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range  


Solder  Temperature.  1/16"  from  Case 
for  1 0  Seconds  


Symbol    BD385     BD387  BD389 


vCEO 


vCBO 


vEBO 


PD 


Tj.T5, 


-10- 
-20- 


-2.0- 
-16- 


-10- 
-80- 


--55  to  -H50- 


-260- 


Watts 
mW/°C 


Watts 
mW/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Ambient 


Thermal  Resistance,  Junction  to  Case 


Symbol 


"9ja 


R0JC 


°c/w 


(II  <10ms,  <  50%  Duty  Cycle 


STYLE  2 
PIN     I.  EMITTER 

2.  COLLECTOR 

3.  BASE 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84. 

22.35 

0.860 

0880 

1 

991 

10.41 

0.390 

0.410 

C 

4.39 

4.65 

0.173 

0.183 

P 

058 

0.74 

0023 

0029 

f 

3  56 

406 

0.140 

0.160 

G 

2  41 

2  67 

0  095 

0  105 

H 

1.70 

1.96 

0.067 

0  07.7 

J 

0.48 

0.66 

0.019 

0.026 

K 

12  19 

12.95 

0.480 

0.510 

L 

1  65 

2.03 

0065 

0080 

N 

9.91 

10.16 

0  390 

0  400 

0 

3.56 

3.81 

0.140 

0  150 

R 

1.07 

1.75 

0.042 

0.069 

t 

7.87 

9.14 

0.310 

0.3EO 

CASE  306  04 
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BD385,  BD387,  BD389 


'ELECTRICAL  CHARACTERISTICS  1TA  =  25"C  unless  otherwise  noted  ) 


Characteristic                                               Svmbol                Min                  M»x  Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 

..c  -  10  mAdc.  .B-0>  BD385 

BD389 

BVcEO 

60 
80 
100 

Vdc 

Collector-Base  Breakdown  Voltage 

(IC  =  lOOuAdc.  IE  •  01  BD385 

BD387 
BD389 

BVCBo 

60 
80 
100 

Vdc 

Emitter-8ase  Breakdown  Voltage 
(If.  -  100uAdc,  lc  =  01 

BVEBo 

5.0 

Vdc 

Collector  Cutoff  Current 

IVCB  =  40  Vdc,  lE  -  0)  BD385 
(VCB  "  60  Vdc,  lE  •  0)  BD387 
IVCB  =  80Vdc,lE  =0)  BD389 

'CBO 

100 
100 
100 

nAdc 

Emitter  Cutoff  Current 
(VEB  =  4.0  Vdc.  IC  =  0I 

!EBO 

100 

nAdc 

ON  CHARACTERISTICS  111 

DC  Current  Gain 

(lc  -  10  mAdc.  VCE  ■  1.0  Vdcl 
(IC  =  50  mAdc.  VCe  =  1  0  Vdcl 
(lc  -  250  mAdc.  VCE  •  1.0  Vdcl 
( lc  -  500  mAdc.  VCE  -  1 .0  Vdcl 

"fe 

60 
80 
60 
25 

300 

Collector-Emitter  Saturation  Voltage 
(IC  =  250  mAdc.  IB  3  10  mAdc) 
(lc  -  10  Adc,  lB  »  100  mAdcl 

vCE(sat) 

0.5 
1.0 

Vdc 

Base-Emitter  On  Voltage 

<IC  -.  250  mAdc,  VCE  *  5.0  Vdcl 

vBE(onl 

1  2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(IC  -  100 mAdc.  Vce  *  5.0  Vdc.  f  »  20  MHz] 

'T 

75 

350 

MHz 

Collector-Base  Capacitance 

(VCB  =  20  Vdc.  IE  =  0.  f  =  1.0  MHz* 

ccb 

18 

pF 

(11  Pulse  Test  Pulse  Width  «  300  us.  Duty  Cycle     2  0% 

TYPICAL  CHARACTERISTICS 


_  FIGURE  1  -  CURRENT-GAIN  -  BANDWIDTH  PRODUCT  FIGURE  2  -  CAPACITANCES 
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BD385,  BD387,  BD389 


TYPICAL  CHARACTERISTICS  (continued) 

FIGURE  4  -  "ON"  VOLTAGE 


10       2.0         5.0       10      20  50      100      200        500    10  k 

IC.  COLLECTOR  CURRENT  ImAI 


1.0      2.0        5  0       10       20         50      100     200        500    1.0  k 
|Q.  COLLECTOR  CURRENT  ImAI 


FIGUHE  6  -  TEMPERATURE  COEFFICIENTS 


>  0 

0.05   0.1    0.2      0.5    1.0   2.0      5.0     10    20       50    100   200  500 
lB.  BASE  CURRENT  ImAI 


5.0       10       20         50      100     400        500     1.0  k 
IC.  COLLECTOR  CURRENT  1mA) 


FIGURE  7  -  COLLECTOR  CHARACTERISTICS  FIGURE  8  -  COLLECTOR  CUTOFF  REGION 


0  2  0  4.0  B  0  8.0  10  12  14  VBE,  BASE  EMITTER  VOLTAGE  (VOLTS) 


VCE.  COLLECTOR  EMITTER  VOLTAGE  IV0LTS) 
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BD385,  BD387,  BD389 


FIGURE  9  -  THERMAL  RESPONSE 
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limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Iq-VcE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e..  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  10  is  based  on  Tc  ■  25°C;  Tj(p|<) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  10  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  11. 

TJ(pk)  may  be  calculated  from  the  data  in  Figure  9. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 


2.0  3.0  5.0  7;0  10  20 
VCE.  COLLECTOR-EMITTER  VOLT; 


30  50 
ILTSI 


limitations  imposed  by  second  breakdown. 


FIGURE  11  —  POWER  DERATING 
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BD390 


MOTOROLA 


PNP  SILICON  ANNULAR* 
AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  general-purpose,  medium-voltage,  medium  power 
amplifier  and  driver  applications;  series,  shunt  and  switching  regu- 
lators, and  low  and  high  frequency  inverters  and  converters. 

•  High  Collector-Emitter  Breakdown  Voltage  - 

BVCEO=  100  Vdc  (Min)@>lc  =  I  .OmAdc-  BD390 

•  Duowatt  Package  -  2  Watts  Free  Air  Dissipation  @  T/s,  -  25°C 

•  Complements  to  NPN  BD385/BD387/BD389 


MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Col  tec  tor -Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 


Total  Power  Dissipation  @       =  25°C 
Derate  above  25°C  


Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range  


Solder  Temperature,  1/16"  from  Case 
for  10  Seconds 


Symbol 


VCE 


vCBO 


vEBO 


Tj.Ts. 


-1.0- 
-2.0  - 


-2.0- 
-16- 


-10- 
-80- 


-55  to  ♦ISO- 


Watts 
mW/°C 


Watts 
mW/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Ambient 


Thermal  Resistance,  Junction  to  Case 


Symbol 


R6JA 


R0JC 


°c/w 


°c/w 


DUOWATT 

PNP  SILICON 
AMPLIFIER  TRANSISTORS 


STYLE  2 
PIN    t.  EMITTER 

2.  COLLECTOR 

3.  BASE 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

Milt 

MAX 

MIN 

MAX 

A 

21  84 

22.35 

0.860 

0  880 

8 

9.91 

10.41 

,;  ;  t. 

0.410 

C 

4.39 

4.65 

0.173 

0  183 

D 

0  58 

0.74 

0  023 

0.029 

f 

356 

4.06 

0.140 

0.160 

C 

2.41 

2.67' 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0  019 

0.026 

K 

12.19 

12.95 

0.480 

0.510 

L 

1  65 

2.03 

0.06b 

0.080 

N 

9  91 

10.16 

0.390 

0  400 

0 

3.56 

3.81 

0.140 

0  15(1 

R 

1.07 

1.75 

0  042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 
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BD386,  BD388,  BD390 


■ 


'ELECTRICAL  CHARACTERISTICS  (TA 25°C  unless  otherwise  noted.) 


Symbol      |  Min  ~ 


Characteristic 


OFF  CHARACTERISTICS  • 


Collector-Emitter  Breakdown  Voltage 

(lc  =  1.0  mAdc,  lB  -  0)  BD386 

BD388 
BD3S0 

DVCEO 

60 
80 
100 

Vdc 

Collector-Base  Breakdown  Voltage 

„C-100„Adc.,E-0,  B0386 

BD390 

BVCB0 

60 
80 
100 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  =  100uAdc.  IC  -  0) 

bveb0 

5  0 

Vdc 

Collector  Cutoff  Current 

(VCB  =  40  Vdc,lE-0)  BD386 
(VCB  -60  Vdc.  IE  =  0)  BD388 
(VCB  =80  Vdc.  IE  -  01  BD390 

'CBO 

100 
100 
100 

Emitter  Cutoff  Current 

!EBO 

100 

nAdc 

<VEB  =  4.0  Vdc.  IC  =  0) 

ON  CHARACTERISTICS  11) 

DC  Current  Gain 

(IC  =  10mAdc,  VC£  =  1.0  Vdc) 
(IC  =  50  mAdc.  VCE  =  1.0  Vdc) 
(lc  -  250  mAdc.  VCE  =  1.0  Vdc) 
(IC  =  500  mAdc,  VCE  »  1 .0  Vdc) 

nFE 

60 
80 
60 
25 

300 

Collector-Emitter  Saturation  Voltage 
(IC  -  250  mAdc.  IB  "  10  mAdc) 
(lc  =  1.0  Adc.  IB  -  100  mAdcl 

vCE(satl 

05 

1.0 

Vdc 

Base-Emitter  On  Voltage 

(lc  =  250  mAdc,  VCf-  -  5.0  Vdc) 

vBE(onl 

1.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(lc  -  100  mAdc.  VCE  =  5.0  Vdc.  f  -  20  MHz) 

'T 

75 

350 

MHz 

Collector-Base  Capacitance 

(Vcb  =  20  Vdc.  IE  »  0.  f  -  1  0  MHz! 

Ccb 

18 

pF 

111  Pulse  Test:  Pulse  Width     300  us  Duty  Cycle     2  0% 


TYPICAL  CHARACTERISTICS 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  IcVCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(p|<)  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjp^j  ^  150°C  Tjjp^j  may  be 
calculated  from  the  data  in  Figure  6  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  iess  than  the  limitations  imposed  by  second  breakdown 
(See  AN-416A) 


2.0     3.0       5.0    7  0    10  20      30        50    70  100 

Vet.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


3N  SAFE  OPE  RATING  AREA 
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TYPICAL  CHARACTERISTICS  (continued) 


30 


acciiiiiiHiiiiiiiiniiiii; 


1.0    2.0      5.0     10      20       50    100    200    500  1000 

IC.  COLLECTOR  CURRENT  ImAI 


S 


1.0    10     5.0     10     20       50   100    200   500  1000 

rc.  COLLECTOR  CURRENT  (mAI 
FIGURE  3  -  "ON"  VOLTAGES 


0  05  0  1    02     0.5   10   2  0     5.0    10    20      50  100   200  500 
Ig.  BASE  CURRENT  ImA) 
FIGURE  4  -  COLLECTOR  SATURATION  REGION 


IC.  COLLECTOR  CURRENT  (mAI 
FIGURE  5  -  TEMPERATURE  COEFFICIENTS 
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NPN  SILICON  DARLINGTON 
AMPLIFIER  TRANSISTORS 

.  .  .  designed  for  amplifier  and  driver  applications  where  high  gain  is 
an  essential  requirement,  low  power  lamp  and  relay  drivers  and 
power  drivers  for  high-current  applications  such  as  voltage  regulators. 

•  High  DC  Current  Gain - 

hFE  =  25,000  (Min)  @  lc  =  200  mAdc  -  BD  41 1 
-  1 5,000  (Min)  @  lc  =  500  mAdc  -  BD  41 1 

•  Collector-Emitter  Breakdown  Voltage  - 

BVCES  =  40  Vdc  (Min)  @  lC=  100  MAdc 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  -  1-5  Vdc  (Max)  @  lC  =  1.0  Adc 

•  Duowatt  Package — 

2  Watts  Free  Air  Dissipation  @  Ta  =  25°C 

•  Complements  to  PNP  BD  413/414 


NPN  SILICON 
DARLINGTON  AMPLIFIER 
TRANSISTORS 








MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

"Collector. Emitter  Voltage 

vCEO 

40 

Vdc 

Collector-Emitter  Voltage 

VCES 

40 

Vdc 

"Collector-Base  Voltage 

vCBO 

50 

Vdc 

"Emitter-Base  Voltage 

vEBO 

12 

Vdc 

•Collector  Current  -  Continuous 

ic 

2.0 

Adc 

"Base  Current  -  Continuous 

IB 

100 

mAdc 

•Total  Power  Dissipation  @  TA  -  25°C 
Derate  above  25°C 

PD 

2.0 
16 

Watts 
mW/°C 

Total  Power  Dissipation®^  -  25°C 
Derate  above  25°C 

Pd 

10 
80 

Watts 
mW/°C 

•Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-55  to  +150 

°C 

•Solder  Temperature.  1/16"  from  Case  for 
10  Seconds 

260 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

Roja 

62.5 

°C/W 

Thermal  Resistance,  Junction  to  Case 

Rejc 

12.5 

°c/w 

1 

T 

 I 

H 

II 

t  K 

1 

-Hi 

—  L 

mm 


STYLE  I 

PIN    1  EMITTER 

2  BASE 

3  COLLECTOR 

4  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

21.84. 

22  35 

0  860 

0  880 

I 

9.91 

10.41 

0  390 

0410 

C 

4.39 

4.65 

0  173 

0  183 

D 

098 

0  74 

0  023 

0  029 

F 

3  96 

4  06 

0.140 

0.160 

G 

2.41 

2.67 

0.095 

0  105 

H 

1  70 

1  96 

0.067 

0  07.7 

J 

048 

066 

0019 

0  026 

K 

12  19 

1295 

0  480 

0  510 

I 

1.65 

203 

0  065 

0  080 

n 

9.91 

10.16 

0  390 

0  400 

a 

3.56 

3.81 

0.140 

0  150 

R 

1.07 

1)5 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0  360 
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BD411,  BD412 


'ELECTRICAL  CHARACTERISTICS  ITA  -  25°C  unless  otherwise  noted.) 

  un«r»ct«nnic  j 


Min        |  M^T 


Unit  | 


Collector-Emitter  Breakdown  Voltage!  1) 
(IC>  100  m  Adc,  Vbe-01 

BVCES 

40 

Vdc 

Collector-Base  Breakdown  Voltage 
(lc  =  100/iAdc.  IE  -  0) 

BVCBO 

SO 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  -  lOjiAdc.  Ic  -  01 

bvebo 

12 

Vdc 

Collector  Cutoff  Current 
(VCB  =  30Vdc.  IE=0) 

'CBO 

100 

nAdc 

Emitter  Cutoff  Current 
(VEB-  lOVdc,  lC  =  0) 

!EBO 

100 

nAdc 

ON  CHAR ACTER ISTICS 1 1 ) 


DC  Current  Gain 
dC  =  2( 


80411 
BD412 


(lc  =  500mAdc.  VCE  =  5.0Vdcl  BD41 
BD41 

(lc«  1.0  Adc.  VCE«5.0  Vdcl 


BD411 
BD412 


hFE 


25.000 
15,000 
15,000 
10.000 
5.000 
3,000 


150,000 
150,000 


Collector-Emitter  Saturation  Voltage 
<IC  -  10  Adc.  IB  -  2.0mAdcl 
IIC  =  2  0  Adc.  lB  -4.0  mAdcl 


VcElsatl 


1.5 
2.0 


Vdc 


Base-Emitter  Saturation  Voltage 
1IC  =  10  Adc,  lB  =  20mAdcl 


vBEIsat) 


2  0 


Base-Emitter  On  Voltage 

(lc  =  1.0  Adc,  VCE  -  5  0  Vdc) 


vBE(on) 


DYNAMIC  CHARACTERISTICS 


High  Frequency  Current  Gain 

(lC  »  200mAdc,  VCE  -  5.0  Vdc,  f  ■  100  MHz) 

Ihfel 

1.0 

Output  Capacitance 

IVcb  J  10  Vdc,  lE  -  0.  f  »  1  0  MHz) 

Cob 

7.0 

pF 

Small-Signal  Current  Gain 

(IC  =  50  mAdc.  VCE  =  5.0  Vdc.  f  =  1 .0  kHz)     BD41 1 

BD412 

hfe 

20,000 
15,000 

•  Indicates  JEDEC  Registered  Data 

(DPulseTest:  Pulse  Width  <  300  MS,  Duty  Cycle  <  2.0% 



TYPICAL  CHARACTERISTICS 
FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


E  2-0 


I 


-  0.1 


0  04 

0. 


Tj  -  !50°C 
•—  BONDING  WIRE  LIMIT 

 THERMAL  LIMIT,  SINGLE  PULSE  Tc  = 
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VCE.  COLLECTOR  EMITTER  VOLTAGE  IV0LTSI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Ic-VcE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  i.e..  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  1  is  based  on  Tj|p|<}  =  150°C.  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pkj  <  150°C  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  imitations  imposed  by  second  breakdown 
(See  AN-415A). 
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BD411,  BD412 


FIGURE  2  —  DC  CURRENT  GAIN 


TYPICAL  CHARACTERISTICS  (continued) 

FIGURE  3  -  "ON"  VOLTAGES 
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FIGURE  4  -  COLLECTOR  SATURATION  REGION 
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FIGURE  7  -  CAPACITANCE 


TYPICAL  CHARACTERISTICS  (continued) 

FIGURE  8  —  HIGH-F  REQUENCY  CURRENT  GAIN 
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BD414 


® 


MOTOROLA 


PNP  SILICON  DARLINGTON 
AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  amplifier  and  driver  applications  where  high  gain  is 
an  essential  requirement,  low  power  lamp  and  relay  drivers  and 
power  drivers  for  high  current  applications  such  as  voltage  regulators 

•   High  DC  Current  Gain  - 

hpE  =  20,000  (Min)  @  lc  =  200  mAdc  -BD413 
=  15,000  (Min)  @  lc  =  500  mAdc  -  BD414 
Collector-Emitter  Breakdown  Voltage  — 

BVcES  =  40  Vdc  (Mini  @  lc  =  100 MAdc 
Low  Collector-Emitter  Saturation  Voltage  - 
VCE(sat)  =  15  Vdc  (Max)  @>  lC  =  1  0  Adc 

Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  @  Ta  =  25°C 

Complements  to  NPN  BD41 1/412 


PNP  SILICON 
DARLINGTON  AMPLIFIER 
TF 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

"Collector-Emitter  Voltage 

vCEO 

40 

Vdc 

Collector -Emitter  Voltage 

VCES 

40 

Vdc 

•Collector  Base  Voltage 

vCBO 

50 

Vdc 

'Emitter-Base  Voltage 

vEBO 

12 

Vdc 

•Collector  Current  -  Continuous 

'c 

2  0 

Adc 

'Base  Current  -  Continuous 

'  8 

100 

mAdc 

•Total  Power  Dissipation  <j>  TA  ■  25°C 
Derate  above  25°C 

PD 

20 
16 

Watts 
mW/°C 

Total  Power  Dissipation@Tc  -  25°C 
Derate  above  25°C 

Pd 

10 
80 

Watts 
mW/°C 

"Operating  and  Storage  Junction 
Temperature  Range 

TjTstg 

-55  to  *  150 

°C 

•Solder  Temperature,  1/16"  from  Case  for 
10  Seconds 

260 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Man 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

RejA 

62  5 

°c/w 

Thermal  Resistance.  Junction  to  Case 

R9JC 

12  5 

°c/w 

•Indicates  JEDEC  Registered  Data 

1  EMITTER 

2  BASE 

3  COLLECTOR 

4  COLLECTOR 


J  U-G 


>4- 

-J 
_r-N 


Mj 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

21  80 

22  35 

0  860 

0  880 

B 

991 

10  41 

0  390 

0  410 

C 

439 

465 

0  173 

0  183 

D 

0  58 

0  74 

0  023 

0  029 

F 

3  56 

4  06 

0  140 

0  160 

G 

241 

267 

0  095 

0  105 

K 

1  70 

1  96 

0  067 

0  077 

J- 

0  48 

066 

0019 

0  026 

K 

12  f9 

1295 

0480 

0  510 

L 

1  65 

2  03 

0  065 

0  080 

N 

991 

10  16 

0  390 

0  400 

Q 

3  56 

381 

0  140 

0  150 

R 

T  75  ' 

0  042 

0  069 

T 

7.87 

'"  9.14 

0  310 

0  360 
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BD413,  BD414 


•ELECTRICAL  CHARACTERISTICS  (TA>  25°C  unless  otherwise  noted. I 


Mm 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage!  11 
(IC  ■  100uAdc.  VBE  «0> 

BVCES 

40 

Vdc 

Collector -Base  Breakdown  Voltage 
He  ■  lOOuAdc,  lE  =  01 

BVCB0 

50 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  =  10  uAdc.  IC  -  0) 

BVEB0 

-2 

Vdc 

Collector  Cutoff  Current 
(VCB  =30  Vdc,  lE  »0) 

'CBO 

100 

nAdc 

Emitter  Cutoff  Current 
(VEB  ;  10  Vdc  lc  -  01 

'EBO 

_ 

100 

nAdc 

ON  CHARACTERISTICS  111 


DC  Current  Gain 
„c  =  2O0mAW60Vdc,  BD413 

(lC  =  500  mAdc,  VCE  =  5.0  Vdc)  BD413 
BD414 

(lc=10Adc.  VCE  =  5.0Vdcl  BD413 
BD414 

"FE 

20.000 
15,000 
15,000 
10,000 
5.000 
3,000 

150,000 
150,000 

■■ 

Collector-Emitter  Saturation  Voltage 
(IC  -  10  Adc.  IB  ■  2.0  m Add 
llC  =  2.0  Adc.  IB  =  4.0  mAdc) 

VCE(sat) 

1.5 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC  =  10  Adc,  lB  =  2  0  mAdc) 

vBEIsatl 

2  0 

Vdc 

Base-Emitter  On  Voltage 

dC  *  1.0  Adc,  VcE  =  5  0  Vdcl 

vBEIon> 

2  0 

Vdc 

DYNAMIC  CHARACTERISTICS 

High  Frequency  Current  Gain 

I1C  »  200  mAdc,  VCE  *  5  0  Vdc.  f  =  100  MHj) 

hte 

0.5 

Output  Capacitance 

IVcb  ■  10  Vdc.  lj  -  0;  f  »  1  0  MHz) 

12 

pF 

Small-Signal  Current  Gain 

(IC  =  50  mAdc.  VCE  =  5  0  Vdc,  f  =  1 .0  kHzl  BD413 

BD414 

1  

hie 

20.000 
15.000 

Indicates  JEOEC  Registered  Data 
1 1 )  Pulse  Test:  Pulse  Width  <  300  Ms,  Duty  Cycle  --i  2.0% 


TYPICAL  CHARACTERISTICS 
FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


Tj  I50°C 

BONDING  WIRE  LIMIT 
THERMAL  LIMIT .  SINGLE  PULSE.  Tr.  ■  25°C- 
SECONO  BREAKDOWN  LIMIT 


04     0  6        10  2  0  4  0     6  0        10  20 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


40 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  'C  VcE  limits  of  the  transistor 
that  must  be  observed  lor  reliable  operation,  i.e..  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  1  is  based  on  Tj(pkj  =  150°C.  Tc  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk|  ^  150°C  Tj(pk,  may  be 
calculated  from  the  data  in  Figure  6  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  secc 


(See  AN-4I5AI 
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TYPICAL  CHARACTERISTICS  (continued] 


FIGURE  2  —  DC  CURRENT  GAIN 


FIGURE  3  -  "ON"  VOLTAGES 
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FIGURE  4  -  COLLECTOR  SATURATION  REGION 


IC,  COLLECTOR  CUR  RENT  (AMP) 
FIGURE  5  -  TEMPERATURE  COEFFICIENT 
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3-391 


Ul/t  I  I 

BD419 


® 


NPN  SILICON  ANNULAR* 
AMPLIFIER  TRANSISTORS 

.  .  .  designed  for  general-purpose,  medium-voltage,  medium  power 
amplifier  and  driver  applications;  series,  shunt  and  switching  regu- 
lators, and  low  and  high  frequency  inverters  and  converters. 

•  High  Collector-Emitter  Breakdown  Voltage  — 

BVcEO  =  100  Vdc  (Min)  @  lc  =  1 .0  mAdc  -  BD419 

•  Duowatt  Package  -  2  Watts  Free  Air  Dissipation  @  Ta  =  25°C 

•  Complements  to  PNP  BD416/BD418/BD420 


NPN  SILICON 
AMPLIFIER  TRANSISTORS 


E 

MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


;  Current 


Total  Power  Dissipation  @  T^  -=  25°C 
Derate  above  25°C  


Total  Power  Dissipation  G 
Derate  above  25°C 


■  25°C 


Operating  and  Storage  Junction 
Temperature  Range  


Solder  Temperatu 
for  10  Seconds 


e.  1/16"  from  Case 


Symbol      BD415      BD417  BD419 


vCEO 


vCBO 


vEBO 


PD 


Tj-TStg 


60 


80 


100 


-5  0- 


-10- 
-2.0- 


-2.0- 
-16- 


-10- 
-80- 


-55  to  +  150- 


Watts 
mW/°C 


Watts 
mW/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance.  Junction  to  Ambient 


Thermal  Resistance,  Junction  to  Case 


Symbol 


"Oja 


RflJC 


°c/w 


STYLE  1 

PIN    1  EMITTER 

2  BASE 

3  COLLECTOR 

4  COLLECTOR 


0IM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84. 

22  35 

0  860 

0.880 

B 

991 

1041 

0.390 

0410 

C 

4.39 

4  65 

T).173 

0.183 

0 

058 

0 .74 

0D23 

0029 

.F 

356 

406 

0  140 

0  160 

6 

2.41 

2.67 

0.095 

0  105 

H 

1.70 

1  96 

0.067 

0  07  7 

J 

0.48 

066 

0.019 

0  026 

K 

12  19 

1295 

0 IM 

0.510 

L 

1  65 

2  03 

0  065 

0  080 

N 

9  91 

10  16 

0  390 

0  400 

Q 

3  56 

3.81 

0  140 

0  150 

£35  !HKt3KsiK^l 

3-392 


BD415,  BD417,  BD419 


'ELECTRICAL  CHARACTERISTICS  (TA  =  25°C  unless  otherwise  noted.) 


Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage 

(lC  =  1.0  mAdc.  IB  =  0)  BD415 

BD417 
BD419 

BVCE0 

60 
B0 
100 

Vdc 

Collector-Base  Breakdown  Voltage 

Uc-100uAdc.lE=0)  BD415 

BD417 
BD419 

BVCB0 

60 
80 
100 

Vdc 

Emitter-Base  Breakdown  Voltage 
He  ■  100uAdc,  lc  ■  01 

BVEB0 

5.0 

Vdc 

Collector  Cutoff  Current 

(VCB  =  40  Vdc.  IE  =  0)  B0415 
(VCB  =  60  Vdc,  lE  =  01  BD417 
(VCB  =  80  Vdc.  IE  -  01  BD419 

'CBO 

100 
100 
100 

nAdc 

Emitter  Cutoff  Current 
IVEB  =4.0  Vdc,  lc  =  0! 

'  E  BO 

100 

nAdc 

ON  CHARACTERISTICS  11) 

DC  Current  Gain 

llc  =  10  mAdc,  VCE  -  1.0  Vdc) 
llc  =  50  mAdc,  VCE  =  1.0  Vdc) 
He  =  250  mAdc.  VCE  =  1.0  Vdcl 
He  -  500  mAdc,  VCE  =  1.0  Vdcl 

hFE 

60 
80 
60 
25 

300 

Collector  Emitter  Saturation  Voltage 
Hc  =  250  mAdc.  1 B  =  1 0  mAdc) 
(lc  =  1.0  Adc.  IB  =  100  mAdc) 

vCEIsat) 

0.5 
10 

Vdc 

Base-Emitter  On  Voltage 

He  -  250  mAdc,  VCE  -  5.0  Vdc) 

vBEIon) 

1.2 

Vdc 

Current-Gain  -  Bandwidth  Product 

HC  =  100  mAdc.  VCE  -  5.0  Vdc.  f  =  20  MHz) 

'T 

75 

350 

MHz 

Collector-Base  Capacitance 

,VCB-,0Vdc.,E-0.f-,.0MH2, 

Cob 

12 

TYPICAL  CHARACTERISTICS 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power-handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  1C  VCE  ) trnt ts  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  1  is  based  on  Tj(pk)  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjp^)  <  150°C.  Tj(pL.)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 
(See  AN-415A). 


FIGURE  1  -  ACTIVE-REGION  SAFE  -OPERATING  AREA 


3-393 


BD415,  BD417,  BD419 


3-394 


3-395 


BD420 


SIP  SILICON  ANNULAR* 
I  TRANSISTORS 


•purpose,  medium-voltage,  medium  power 
lications;  series,  shunt  and  switching  regu- 
inverters  and  converters. 


High  Collector-Emitter  Breakdown  Voltage  — 

BVcEO  *  100  Vdc  (Min)  @  lc  =  1.0  mAdc  -  BD420 
Duowatt  Package  -  2  Watts  Free  Air  Dissipation  <5>  T/\  =  25°C 
Complements  to  NPN  BD41 5/BD41 7/BD419 


MAXIMUM  RATINGS 


Rating 


Collector  Emitter  Voltage 


Collector. Basp  Voltage 


Emitter  Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Base  Current 


Total  Power  Dissipation  S>  TA 
25  C 


25°C 


Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range  


Solder  Temperature.  1/16"  from  Case 
for  10  Seconds 


Symbol 


vCEO 


vCBO 


vEBO 


Tj.Ts, 


-1.0- 
-2.0- 


-100- 


-2  0- 
-16- 


j  to  ♦  1 50  - 


Watts 
mW/°C 


Watts 
mW'°C 


°C 


THERMAL  CHARACTERISTICS 


Thermal  Resistance.  Junction  to  Ambient 


Thermal  Resistance.  Junction  to  Case 


Symbol 


RflJA 


R0jc 


°c/w 


PNP  SILICON 
AMPLIFIER  TRANSISTORS 


- —  B  - 

i  ; 

"I 

J  A 

I 
T 

1 

in 

H 

I  I 

 i 

-  L 

Mi 


SIVIE  I 

PIN    1  EMITTER 

2  BASE 

3  COLLECTOR 

4  COLLECTOR 


0IM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84, 

22  35 

0  860 

0  880 

> 

9  91 

10.41 

0  390 

0410 

c 

4.39 

465 

0.173 

0  183 

0 

II  38 

0  74 

0  023 

0  029 

F 

356 

406 

0  140 

0  160 

C 

2.41 

2  67 

0  095 

0  105 

H 

1.70 

1  96 

0  06; 

0077 

J 

0.48 

066 

0019 

0  026 

K 

12  19 

12.95 

Wan 

0510 

L 

1.65 

2.03 

0065 

0080 

n 

9  91 

10  16 

0  390 

0  400 

3-396 


BD416,  BD418,  BD420 


'ELECTRICAL  CHARACTERISTICS  ITA  =  25°C  unless  otherwise  noted  I  

I  Characteristic  |       Symbol      |  Min        |  Max        [  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage 

<lc  =  1.0  mAdc,  lB-0l  BD416 
80418 
BD420 

BVCEO 

60 
80 
100 

Vdc 

Collector  Base  Breakdown  Voltage 

(lc=100uAdc.  IE  =  0>  BD416 

BD418 
BD420 

BVCBo 

60 
80 
100 

Vdc 

Emitter-Base  Breakdown  Voltage 
HE  -  lOOuAdc.  Ic  '  0) 

bveso 

5  0 

Vdc 

Collector  Cutoff  Current 

(VCB  =  40  Vdc,  lE  -  01  BD416 
(VCB  =  60  Vdc.  IE  =  01  BD418 
(VCB  =  80  Vdc,  lE  =  0>  BD420 

'CBO 

100 
100 
100 

nAdc 

Emitter  Cutoff  Current 
(VEB  -  4.0  Vdc,  Ic  *  01 

'EBO 

100 

nAdc 

ON  CHARACTERISTICS  111 

DC  Current  Gain 

<lc  =  10  mAdc,  VCe  "  1  0  Vdcl 
( lc  =  50  mAdc,  VCE  »  1  0  Vdcl 
llc  -  250  mAdc,  VCE  =  1.0  Vdcl 
IIC  =  500  mAdc,  VCe  "  1  0  Vdcl 

nFE 

60 
80 
60 
25 

300 

Collector  Emitter  Saturation  Voltage 
llc  ■  250  mAdc,  lB  =  10  mAdcl 
llc  =  1.0  Adc.  IB  i  100  mAdcl 

vCE(satl 

0.5 
1.0 

Vdc 

Base  Emitter  On  Voltage 

I  lc  =  250  mAdc,  VCE  =  5.0  Vdcl 

VBEIonl 

1.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gam  -  Bandwidth  Product 

llc  =  100  mAdc.  VCE  "  5  0  Vdc,  f  »  20  MHz! 

'<T 

75 

350 

MHz 

Collector  Base  Capacitance 

IVCB  '  20  Vdc,  lE  -0.  f  -  10  MHz! 

Ccb 

18 

111  Pulse  Test  Pulse  W.dth  4  300  us.  Duty  Cycles;  2.0% 

■ 


TYPICAL  CHARACTERISTICS 


FIGURE  1  -  ACTIVE-REGION  SAFE  OPE  RATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  IcVCE  InYTits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(pL.j  =  150°C;  Tc  isvariable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pL.|  <  150°C.  Tj(pL-)  may  be 
calculated  from  the  data  in  Figure  6  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 
(See  AN  415A. 

VcE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 
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BD416,  BD418,  BD420 


FIGURE  6  -  THERMAL  RESPONSE 


3-398 


BD416,  BD418,  BD420 


3-399 


BD439 
BD441 


— 





PLASTIC  MEDIUM  POWER  SILICON 
NPN  TRANSISTOR 


...  for  amplifier  and  switching  applications  Complementary 
types:  BD434/436/438/440/442 


MAXIMUM  RATINGS 


THERMAL  CHARACTERISTICS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector  Emitter  Voltage 

vCEO 

BD433 
BD435 
BD437 
BD439 
BD441 

22 
32 
45 
60 
80 

Vdc 

Collector  Base  Voltage 

vCBO 

BD433 
BD435 
BD437 
BD439 
BD441 

22 
32 
45 
60 
80 

Vdc 

Emitter  Base  Voltage 

vEBO 

S 

Vdc 

Collector  current 

ic 

4 

Adc 

Base  Current 

IB 

1 

Adc 

Total  Device  Dissipation 
TC  =  25°C 
Derate  above  25°C 

Pd 

36 
288 

Watts 

mW/°C 

Operating  and  Storage 
Junction  Temperature  range. 

'J.  Utg 

-55  to  +150 

°C 

Symbol 

Max. 

Unit 

Thermal  Resistance  Junction  to  Case 

■    -   - 

fiJc 

3.5 

°C/W 

4  AMPERE 
POWER  TRANSISTOR 
NPN  SILICON 


Z32  01 A  THRU 


STYLE  t 

PIN  1  EMITTER 
?  COLLECTOR 
3  BASE 


HEAT  SINK 
CONTACT  AREA 
(BOTTOM] 


Whan  mounlmg  the  device  torque  no)  lo  eicoed  0  07  m-eg 

II  lead  bending  n  required  use  suitable  clamps  or  o 
between  iransislor  case  and  poml  ol  bend 

»ll  dimensions-  in  millimeters 

CASE  77-04 


3-400 


BD433,  BD435,  BD437,  BD439,  BD441 


ELECTRICAL  CHARACTERISTICS  (TC  -  25  <>C  unless  otherwise  noted) 


Syntbo.         |      Mir,       |  Typ. 








Collector  Emitter  Breakdown  Voltage 
(lc  =  100  mA,  lB  =  01  BD433 
BD435 
BD437 
BD439 
BD441 





BVcEO 


22 
32 
45 
60 
80 


Collector  Base  Breakdown  Voltage 
(lc  =  100  UA,  IB  =  <"  BD433 
BD435 
BD437 


BVCB0 


22 
32 
45 
60 
80 


Emitter  Base  Breakdown  Voltage 
(lE  =  100  UA.  lc  =  01 


BVebO 


Collector  Cutoff  Current 

(VCB  =  22  V.  IE  =  01  BD433 

IVCB  =  32  V.  IE  =  0}  BD435 

(VCB  =  45  V.  IE  =  01  BD437 

(Vcb  =  60  V,  lE  =  01  BD439 

IVCB  =  80  V,  lE  =  0)  BD441 


iCBO 


Emitter  Cutoff  Current 
IVEB  =  5  VI 


0.1 
0.1 
0  1 

0.1 
0.1 


DC  Current  Gain 

(lc  =  500  mA,  VCE  d  1  V) 


8D435 
BD437 
BD439 
BD441 


DC  Current  Gain 
(IC  =  2  A.  VCE  = 


BD433 
BD435 
BD437 
BD439 
BD441 


50 
50 
40 

25 
15 


Collector  Saturation  Voltage 
llc  -  2  A,  lg  -  0.2  Al 

(lc  =  3  A.  IB  ^  0.3  Al 


BD433 
BD435 
BD437 
BD439 
BD441 


VCE  (sail 


0.5 
0.5 
0.7 
08 
08 


Base  —  Emitter  on  voltage 
(IC  =  2  A.  VCE  =  1  VI 


BD433/435/437 
BD439/441 


VBEIONI 


1.1 
1.6 











Current  Gain  E 
IVCE  =  1  V,  IC  =  250  mA.  f  =  1  MHz) 


"3-iirn 


BD433,  BD435,  BD437,  BD439,  BD441 


FIGURE  1  -  COLLECTOR  SATURATION  REGION 


3-402 


® 


- 


PLASTIC  MEDIUM  POWER  SILICON 
PNP  TRANSISTOR 

...  for  amplifier  and  switching  applications  Complementary 
types:  BD433/435/437/439/441. 


BD434 
BD436 
BD438 
BD440 
BD442 








4  AMPERE 
POWER  TRANSISTOR 
PNP  SILICON 


Rating 


Collector  Emitter  Voltage 


Emitter  Base  Voltage 


Collector  current 


i  Current 



Total  Device  Dissipatic 
TC  =  25°C 
Derate  above  25°C 


Operating  and  Stori 
Junction  Temperature  range. 



THERMAL  CHARACTERISTICS 


Symbol       Type  Value  Unit 


vCEO 


vCBO 


BD434 
BD436 
BD438 
BD440 
BD442 


BD434 
BD436 
BD438 
BD440 
BD442 


22 
32 
45 
60 
80 


22 
32 
45 
60 
80 


-55  to  +150  "C 


Watts 
mW/°C 


Symbol 

Mix. 

Unit 

Thermal  Resista 

nee  Junction  to  Case 

0JC 

3.5 

°C/W 

STYLE  1 

PIN  I  EMITTER 

2  COLLECTOR 

3  BASE 


Mhtn  mounlmg  the  d««iC*.  lorgge  nol  10  «iCMd  0  07  nt-tg 

If  lead  bending  it  required,  use  suitable  climps  or  other  mpearij 

00IM  01 1» 

Alt  d 


3-403 


BD434,  BD436,  BD438,  BD440,  BD442 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25  oc 


Symbo!         |      Min.       |      Typ.      |       Ma».  | 


(IC  =  100  mA,  lB  =  01 


BD434 
BD436 
BD438 
BO440 
BD442 



BVcEO 


22 
32 
45 
60 
80 


Collector  Base  Breakdown  Voltage 
(lc  =  100 /JA.  IB  =  "I  BD434 
BD436 


BVCBO 


22 
32 
45 
60 


Emitter  Base  Breakdown  Volt; 
(lE  =  100  JiA.  IC  =  0) 


BVEB0 


Collector  Cutoff  Current 
(VCB  =  22  V,  lE  =  01 
(VCB  =  32  V,  lE  =  01 
(VCB  =  45  V,  lE  =  01 
IVCB  =  60  V.  IE  =  01 
(VCB  =  80  V.  IE  =  01 


|CB0 


0.1 
0.1 
0.1 
0.1 
0.1 


Emitter  Cutoff  Current 
(VEB  =  5  VI 


- 


DC  Current  Gain 

IIC  =  10  mA.  VCE  =  5  VI 


BD434 
BD436 
BD438 
BD440 
BD442 





40 
40 
30 
20 
15 


DC  Current  Gain 

(IC  =  500  mA.  VCE  =  1  VI 


BD434 
BD436 
BD438 
BD440 
BD442 


85 
85 
85 
40 
40 


475 
475 
375 
475 
475 


DC  Current  Gain 

(lC  =  2  A.  VCE  =  1  V) 


BD434 
BD436 
BD438 
BD440 
BD442 


HFE 


50 
50 
40 
25 
15 


Collector  Saturation  Voltage 
(lc  =  2  A.  IB  =  0.2  Al 


I'C 


0.3  A) 


VCE  (satl 


BD440 
BD442 


0.5 
0.5 
0.7 
0.8 
0.8 


Base -Emitter  on  voltage 
(lC  =  2  A.  VC£  =  1  V) 


BD434/436/438 
BD440/442 


VBEION) 


1.1 
1.5 


Current  Gain  Bandwidth  Product 
(VCE  =  1  V,  lC  =  250  mA,  f  =  1  MHzl 








3-404 


BD434,  BD436,  BD438,  BD440,  BD442 

.  - 


FIGURE  1  - 


COLLECTOR  SATURATION  REGION 


3-405 


BD505 

BD507  BD509 


® 


- 


TRANSISTORS 


NPN  SILICON  ANNULAR* 

.  .  .  designed  for  complementary  symmetry  audio  circuits 

•  Excellent  Current  Gain  Linearity  —  1  0  mAdc  to  1 .0  Adc 

•  Low  Collector- Emitter  Saturation  Voltage  — 

vCE(sat)  =  0  7  Vdc  (Max)  @  lc  =  1  0  Adc 

•  Complements  to  PNP  BD506.  BD508.  BD510 

•  Uniwatt*  Package  for  Excellent  Thermal  Properties  — 

10  Watt  @  TA  =  25 -C 
10  0  Watts  @TC  =  25"C 


NPN  SILICON 
AUDIO  TRANSISTORS 

20  -  30  ■  40  VOLTS 
10  WATTS 


(2)  Tab  lormed  I 
509  1 

Also  available  with  leads  formed  lo  TO-5  con 
liguranon  BD505  5.  507  5.  509-5 


Collector  Base  Volt; 
Emitter  Base  Voltage 


Collector  Current  Continuous 

Total  Device  Dissipation  @  TA  25°C 
Derate  above  25°C 


Total  Device  Dissipation  @  Jq  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


VEB 


Tj.Ts 


10 
80 


10 

80 


-55  to*  150 


Watt 

nW/°C 


Watts 

TlW/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

"JC 

12  5 

°C/W 

Thermal  Resistance.  Junction  to  Ambient 

"JA 

125 

°C/W 

4. 


~*1 

7°  TrrY^ 


2 


i 

IS0  TYP 


J± 
71 
_1_ 


_5_L 
57 


25 
?6~ 


> 


m. 

016 


All  dimensions  in  millimeters 
Collector  connected 
to  tab 


3-406 


BD505,  BD507,  BD509 


CAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector- Emitter  Breakdown  Voltage 
(lc  =  10  mAdc,  lB  =  0) 

BD505 
BD507 
BD509 

BVCE0 

20 
30 
40 

Vdc 

Emitter- Base  Breakdown  Voltage 

(lE  =100  /lAdc.  Ic  =  0) 

BVcRn 
tou 

5 

Vdc 

Collector  Cutoff  Current 

(VCB  =  20.  30.  40  Vdc.  IE  -  0) 

BD505 
BD507 
BD509 

'CBO 

100 
100 
100 

 I 

nAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (1 ) 

(lc  =  250  mAdc.  VCE  -  2  Vdc) 
(lc  =  1.0  Adc.  VCE  =  2  Vdc) 

"FE 

60 
40 

160 
90 

Collector- Emitter  Saturation  Voltage{1) 
(lc  =  1.0  Adc.  IB  =  0.1  Adc) 

vCE(sat) 

030 

07 

Vdc 

Base- Emitter  On  Voltage  (1 ) 
(lc  =  1.0Adc.  VCE  =  1.0  Vdc) 

vBE(on) 

091 

1.2 

Vdc 

SMALL-SIGNAL  CHARACTERISTICS 

Current  Gain   Bandwidth  Product 

(lc  =  50  mAdc.  VCE  =  5.0  Vdc.  f  =  100  MHz) 

<T 

50 

250 

MHz 

Output  Capacitance 
(VCB  .  10  Vdc.  IE  =  0,  f  =  100  kHz) 

cob 

30 

pF 

(1)  Pulse  Tes!  Pulse  Width    <  300  /js.  Duty  Cycle   ■    2  0% 

FIGURE  1  —  DC  CURRENT  GAIN 

500 


FIGURE  2  — "ON"  VOLTAGES 


/CE  '  *«  Vdc 

■J 



50  100  200  500  1000 

C  COLLECTOR  CURRENT  hiA) 

FIGURE  3  -  DC  SAFE 


-Tj.  ,|"C- 
Secondary  Breakdown  Limned 
Bonding  Wire  Lnnned 
The'mai  Limitations       Tc  '  ?5"C 
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There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  secondary  breakdown.  Safe 
operating  area  curves  indicate  Iq- VCE  WMW  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  3  is  based  on  Tj(p|<)  =  1  50"C:  Tc  is  variable 
depending  on  conditions  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  secondary  breakdown. 


3-407 


ANNULAR*  TRANSISTORS 


symmetry  audio  circuits 


i  —  1 .0  mAdc  to  1 .0  Adc 
•  Low  Collector- Emitter  Saturation  Voltage  — 
vCE(sat)  =  0  7  Vdc  <Max>  @  'C  =  1  0  Adc 


•  Complements  to  NPN  BD505.  BD507,  BD509 

•  Uniwatt*  Package  for  Excellent  Thermal  Properties  — 

1  0  Watt@TA  =  25 'C 
10  0  Watts  @TC  =25X 


PNP  SILICON 
AUDIO  TRANSISTORS 

20  -  30  •  40  VOLTS 
10  WATTS 





E  _ty  CD  E"W  (2) 

Bc  Bc 

(1)  Standard  pack  age:  B  D506.  508.  510 

(2)  Tab  formed  for  flat  mounting  BD506-1.  508-1. 
510-1 

Also  available  with  leads  formed  to  TO-5  con- 
figuration: BD506-5.  508-5.  510-5 


MAXIMUM  RATINGS 


Rating 

Symbol 

BD506 

BD508 

BD510 

Unit 

Collector-Emitter  Voltage 

VCEO 

20 

30 

40 

Vdg 

Collector  Base  Voltage 

VCB 

30 

40 

50 

Vdc 

Emitter  Base  Voltage 

vEB 

  50   

Vdc 

Collector  Current  Continuous 

'C 

  20   

Adc 

Total  Device  Dissipation  @  TA  =  25°C 
Derate  above  25°C 

PD 

10 
80 

Watt 
mW/°C 

Total  Device  Dissipation  @  Tr  =  25°C 
Derate  above  25°C 

Pd 

10 
80 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-55to«150 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

OJC 

12  5 

°C/W 

Thermal  Resistance.  Junction  to  Ambient 

»JA 

125 

°CArV 

1.1 

I  4 


15°  TYP 


24 

2  7 
t 


120 
12  7 

ja.  i 

26 


At 

7  25 


333 


> 

1YP 


031  _^ 
0  46  H 


■-H- 


All  dimensions  in  millimeters 
""tor  connected 
to  tab 

CASE  152 


3-408 


BD506,  BD508,  BD510 

ELECTR.CALCHARACTERTT.es 


unless  otherwise  noted) 


Characteristic  Symbol 

Min             Typ  Max 

Unit 

OFF  CHARACTERISTICS 

Collector -Emitter  Breakdown  Voltage 
(lc  =  10  mAdc.  IB  =  0) 

BD506 
BD508 
B0510 

BVCEO 

20 
30 

40 

Vdc 

Emitter- Base  Breakdown  Voltage 

(lE  =  100  ,rAdc.  Ic  =0) 

bvEbo 

5  0 

Vdc 

Collector  Cutoff  Current 

(VCB  =  20.  30.  40  Vdc.  IE  =  0) 

BO506 
BD508 
BD510 

'CB0 

- 

- 

100 
100 
100 

nAdc 

ON  CHARACTERISTICS 


DC  Current  Gain  (1) 
(lc  =  250  mAdc.  VCE  =  2  0  Vdc) 
(lc  =  1  0  Adc.  VCE  =  2  0  Vdc) 

nFE 

60 
40 

135 
90 

Collector -Emitter  Saturation  Voltage(l) 
(lc  =  1  0  Adc,  lB  =  0.1  Adc) 

vCE(sat) 

040 

0.7 

Vdc 

Base-Emitter  On  Voltage  (1) 
(lc  =  1.0  Adc.  VCE  =  10  Vdc) 

vBE(on) 

0  92 

1.2 

Vdc 

SMALL- SIGNAL  CHARACTERISTICS 

Current-Gain -  Bandwidth  Product 

(lc  =  50  mAdc.  VCE  =  5  0  Vdc.  f  =  100  MH 

z) 

'T 

50 

180 

MHz 

Output  Capacitance 
<VCB  =  10  Vdc-  'e  =  °-  '  =  100  kH*> 

cob 

30 

pF 

(1)  Pulse  Test  Pulse  Width  s  300  i-s.  Duly  Cycle  s  2  0% 

FIGURE  1      DC  CURRENT  GAIN 


FIGURE  2-  "ON"  VOLTAGES 
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FIGURE  3— DC  SAFE  OPERATING  AREA 
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There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  secondary  breakdown  Safe 
operating  area  curves  indicate  lc  —  VCE  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation,  i.e..  the  transistor  must 
not  be  subiected  to  greater  dissipation  than  the  curves  indicate 


3  0  5.0  10  20  30  40 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IV0LTS) 


The  data  of  Figure  3  is  based  on  Tj  (pk)  =  1  50  "C.  Tc  is  variable 
dependinq  on  conditions  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  secondary  breakdown 
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BD517  BD519 


(W)  MOTOROLA 

— 


NPN  SILICON  ANNULA 


•  High  Collector- Emitter  Breakdown  Voltage  — 

BV  ..  =  45  Vdc  (Min)  @  lc  =  1  mAdc  —  BD51  5 
60  Vdc  (Min)  <°>  lc  =  i  mAdc  -  BD517 
80  Vdc  (Min)@  lc  =1  mAdc-BD519 

•  High  Power  Dissipation  —  PD  =  10  W  @TC  =  25 "C 

•  Complements  to  BD516,  BD518,  BD520 


NPN  SILICON 
AMPLIFIER  TRANSISTORS 

45  -  60  -  80  VOLTS 
10  WATTS 


c  Bc 

(1)  Standard  package   B0515.  517.  51  9 

(2)  Tab  formed  for  flat  mounting  80515-1.517-1. 
519  1 

Also  available  with  leads  lormed  to  TO -5  con- 
figuration BDS15-5.  517  5.  519  5 


MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 

Total  Device  Dissipat.on  <a  TA  =  25^ 
Derate  above  25°C 

Total  Device  Dissipat.on  @TC  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


BD515  BD517  BD519 


vceo 


vCB 


vEB 


TJTstg 


45 


45 


60 


60 


80 


80 


4  0 


20 


10 
80 


10 

80 

-55,0^150 


THERMAL  CHARACTERISTICS 


mW/°C 


Watts 

-nW/°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

OJC 

12.5 

Thermal  Resistance.  Junction  to  Ambient 

 «JA  

125 

°C/W 

vrnV^     .  LL 

I  l.i4 


27 
t 


1 5°  TVf> 


57 


T1" 

120 
i2r 


is 


1/  333 


038 
0  46 


£    B  C 

- — i- Jll. 


All  dimensions  in  millimeters 
Collector  connected 
to  tab 


3-410 


BD515,  BD517,  BD519 

ELECTRICAL  CHARACTERISTICS  ITC    ?5°C  unless  otherwise  noted) 


OFF  CHARACTERISTICS 


Collector- Emitter  Breakdown  Voltage 
(lc    10  mAdc.  IB  =  0) 

BD515 
BD517 
BD519 

BVCE0 

45 
60 
80 

Vdc 

Emitter- Base  Breakdown  Voltage 
(lE  -  100  ;iAdc.  IC  =  0) 

BvEB0 

40 

>  ■ 



Vdc 

Collector  Cutoff  Current 
(VCB  =  30  Vdc.  IE  =  0) 
(VCB  -40  Vdc.  IE  =  0) 
(VCB  =  60  Vdc.  IE  =  0) 

BD515 
BD517 
BD519 



ICBO 

— 

■— ' 

100 
100 
100 

nAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (1) 
(lc  - 10  mAdc.  VCE  =  2  0  Vdc) 
(lc  -150  mAdc.  VCE  =  2  0  Vdc) 
(lc  =  500  mAdc,  VCE  =  2  0  Vdc) 

"FE 

60 
25 

115 
125 
55 

350 

Collector- Emitter  Saturation  Voltage  (1) 
(lc  =  500  mAdc,  lB  =  50  mAdc) 
(lc  =  500 mAdc.  IB  =  25  mAdc) 

vCE(sat) 

0  18 

0  24 

0  5 

Vdc 

Base-Emitter  On  Voltage  (1 ) 
<lc  '  500  mAdc.  VCE  -  2  0  Vdc) 

vBE(on) 

0  74 

10 

Vdc 

SMALL-SIGNAL  CHARACTERISTICS 

Current-Gain-Bandwidth  Product 

(lc  -  200  mAdc.  VCE  =  5.0  Vdc.  f  =  100  MHz) 

'T 

50 

160 

Output  Capacitance 
(VCB  =  10  Vdc.  IE  =0.  f  =  100  kHz) 

cob 

6  0 

12 

pF 

FIGURE  1  —  TYPICAL  DC  CURRENT  GAIN 


FIGURE  2 
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FIGURE  3— DC  SAFE  OPERATING  AREA 


FIGURE  4      CURRENT-GAIN  — BANDWIDTH  PRODUCT 
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There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  junction  temperature  and  secondary  breakdown.  Safe 
operating  aiea  curves  indicate  lc  -  V.CE  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation,  i.e..  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate 


The  data  of  Figure  3  is  based  on  Tj  (pk)"  150°C,  Tc  is  variable 
depending  on  conditions  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  secondary  breakdown 
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PNP  SILICON  ANNULAR 
AMPLIFIER  TRANSISTORS 

.  .  .  designed  for  general-purpose,  high  voltage  amplifier  and  driver 
applications 

•  High  Collector- Emitter  Breakdown  Voltage  — 

BV„r.  =  45  Vdc  (Min)  @  lr  =  1  mAdc  —  BD51 6 


60  Vdc  (Min)  <9>  lc  =  1  mAdc  —  BD518 
Ic  —  BD520 


•  High  Power  Dissipation  —  PD  =  10  W  @  Tc  =  25 'C 

•  Complements  to  BD515.  BD517.  BD519 


PNP  SILICON  ANNULAR  * 
AMPLIFIER  TRANSISTORS 

45    60    80  VOLTS 
10  WATTS 


JO) 

Jll 

* 

Bc 

(1) 

(1)  Standard  package:  BD51S.  518.  520 

(2)  Tab  formed  (or  flat  mounting  BD51 6-1 .  51 8  1 . 
570-1 

Also  avail 

>ble  with  le 

ads  formed  to  TO  5  con 

figuration 

BD516  5.  518  5.  520  5 

MAXIMUM  RATINGS 


Rating 

Symbol 

P0516 

BD518 

BD520 

Unit 

Collector-Emitter  Voltage 

vCEO 

45 

60 

80 

Vdc 

Collector  Base  Voltage 

VCB 

45 

60 

80 

Vdc 

Emitter-Base  Voltage 

vEB 

40 

Vdc 

Collector  Current  -  Continuous 

'C 

  20   

Adc 

Total  Device  D,ss.pat,on  @  TA  -  25°C 
Derate  above  25°C 

PD 

1.0 
80 

Wat. 

mW/°C 

Total  Device  Dissipation  <s>  Tc  -  25°C 
Derate  above  25°C 

pd 

10 

80 

Watts 

mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ  Tstg 

-55  to*  150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Thermal  Resistance,  Junction  to  Ambient 


Sy  mbol 





125  °CA\ 

 '  


I  » 


A 

T  TYP  \ 


39 

-IX- 


71 
t 


125 


333 
3°  TVP 


l?0 
12  7 

I 


036 
0  46 


E    B  C 

n 


7± 
1  I 


All  dimensions  in  millimeters 
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BD516,  BD518,  BD520 


ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherw.se  noted) 


Characteristic 

Symbol 

Min 

OFF  CHARACTERISTICS 

Collector- Emitter  Breakdown  Voltage 
(lc  =  10  mAdc,  lB  =  0) 

BD516 
BD518 
BD520 

BVCE0 

45 
60 
80 

Vdc 

Emitter-  Base  Breakdown  Voltage 
(lE  =100  ,iAdc.  Ic  =  0) 

BVEBO 

40 

Vdc 

Collector  Cutoff  Current 
(VCg  -  30  Vdc.  IE  =  0) 
(VCB  -  40  Vdc.  IE  =  0) 
(VCB  =  60  Vdc.  IE  -  0) 

BD516 
BD518 
BD520 



'CBO 



_ 



100 
100 
100 

nAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (1  ) 
(lc  =  10  mAdc.  VCE  =  2  0Vdc) 
(lc  =  1  50  mAdc.  VCE  =  2.0Vdc) 
<lc  =  500  mAdc.  VCE  f  2  0  Vdc) 

nFE 

60 
25 

1 50 
130 
80 

350 

Collector -Emitter  Saturation  Voltage  (1 ) 
tig  =  500  mAdc,  I B  =  50  mAdc) 
(lc  =  500  mAdc.  IB  =  25  mAdc) 

— 



VCE(sat) 

024 
032 

05 

Vdc 

Base- Emitter  On  Voltage  (1 ) 
(lc    500  mAdc.  VCE    2  0  Vdc) 

VBE(on) 

0  78 

10 

Vdc 

SMALL-SIGNAL  CHARACTERISTICS 


Current  Gam -Bandwidth  Product 

(lc  =  200  mAdc.  VCE  =  5  0  Vdc.  f  =  100  MHz) 

<T 

50 

125 

MHz 

Output  Capacitance 
(VCB  =  10  Vdc.  IE  =  0.  f  =  100  kHz) 

cob 

10 

15 

pF 

(1)  Puis.  Tesi  Puis.  Width  <  300  „t.  Duty  C^lr  5  2  0% 


FIGURE  1  —  DC  CURRENT  GAIN 


FIGURE  2— "ON"  VOLTAGES 
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FIGURE  4  —  CURRENT-GAIN— BANDWIDTH  PRODUCT 
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There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  junction  temperature  and  secondary  breakdown  Safe 
operating  area  curves  indicate  Iq  -  V(;E  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation,  i.e.,  the  transistor  must 
not  be  subiected  to  greater  dissipation  than  the  curves  indicate 


The  data  of  Figure  3  is  based  on  Tj  (p^)  =  1  50 "C.  Tc  is  variable 
depending  on  conditions  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  secondary  breakdown 
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BD525 

BD527  BD529 


® 


NPN  SILICON  ANNULAR* 
AMPLIFIER  TRANSISTORS 

.  .  .  designed  forgenefa1-PUrpose.high-vo,Wgeamp1lfier 
applications. 

•  High  Collector- Emitter  Breakdown  Voltage  — 

BV  =  60  Vdc  (Min)  <g>  ic  =  1 .0  mAdc  —  BD525 
80  Vdc  (Min)@  lc  =  1.0  mAdc  —  BD527 
100  Vdc  (Min)@>  lc  =  1  0  mAdc  —  BD529 

•  High  Power  Dissipation  —  PD  =  10  W@  Tc  =  25X 

•  Complements  to  PNP  BD526.  BD528,  BD530 


and 


driver 





MAXIMUM  RATINGS 


Rating 

Symbol 

BD525 

BD527 

BD529 

Unit 

Collector  Emitter  Voltage 

vCEO 

60 

80 

100 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

100 

Vdc 

Emitter  Base  Voltage 

VEB 

  40   

Vdc 

Collector  Current  -  Continuous 

>C 

  20   

Adc 

Total  Device  Dissipation  @  T^  =  25°C 
Derate  above  25°C 

-*D 

1.0 

Watt 

mW/°C 

Total  Device  Dissipation  @Tq  =  25°C 
Derate  above  25°C 

PD 

to 

80 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TjT«g 

-55  to  ♦150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

»JC 

12  5 

°C/W 

Thermal  Resistance.  Junction  to  Ambient 

«JA 

125 

°CM 

■ 

NPN  SILICON 
AMPLIFIER  TRANSISTORS 

60  -  80    100  VOLTS 
10  WATTS 


E  //  (i)  E  UUII  (2) 

Bc  Bc 

(1)  Standard  package:  BD525  527.  529 

(2)  Tab  formed  for  flat  mounting  BD525.1.  527-1. 
529-1 

Also  available  with  leads  formed  to  TO -5  con- 
figuration BD525-5  527  5.  529-5 


r  9.5 


|  7°TYr> 


A 


1 1 

Or 


1L 
11 

_1_ 


5? 


120 
12? 


Jit  ^ 


.iLZ-oi* 
333 


.  A 
> 


H4-H- 

All  dimensions  in  niillimaters 
Collector  conrwctad 
to  tab 
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BD525,  BD527,  BD529 

ELECTRICAL  CHARACTERISTICS  (TC  '  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector- Emitter  Breakdown  Voltage 
(lc  =  1  0  mAdc.  IB  =  0) 

BD525 
BD527 
BD529 

BVCE0 

60 
80 
100 

Vdc 

Emitter- Base  Breakdown  Voltage 
(lE  =  100  fiAdc.  Ic  =0) 

— 

BVEB0 

4.0 

Vdc 

Collector  Cutoff  Current 
(VCB  -  40  Vdc.  IE  -  0) 
(VCB  -  60  Vdc.  IE  =  0) 
(VCB  =  80Vdc.lE  =  0) 



 1 

BD525 
BD527 
BD529 

'CBO 

— 

100 
100 
100 

nAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (1 ) 
(lc  =  50  mAdc.  VCE  =  2.0  Vdc) 
(lc  -  250  mAdc.  VCE  ■  2.0  Vdc) 

nFE 

60 
30 

115 
95 

Collector  Emitter  Saturation  Voltage(1 ) 
(lc  =  250  mAdc.  IB  i  10  mAdc) 
(lc  =  250  mAdc.  IB  =  25  mAdc) 

vCE(sat) 

— 

0.18 
0.1 

0.5 

Vdc 

i. 

Base- Emitter  On  Voltage  (1) 
(lc  =  250  mAdc.  VCE  -  5.0  Vdc) 

VBE(on) 



0  74 

10 

SMALL-SIGNAL  CHARACTERISTICS 

Current-Gain -Bandwidth  Product 
<lc  =  250  mAdc.  VCE  =  5.0  Vdc.  f  -  100  MHz) 

h 

50 

150 

MHz 

Output  Capacitance 
(VCB  ■  10  Vdc.  IE  =  0,  f  =  100  kHz) 

cob 

60 

12 

pF 

(1)  Pulse  T..i  Pun.  WnMi   s  300  rt.  Dm  Cycto  s  2  0% 


FIGURE  1  —  TYPICAL  DC  CURRENT  GAIN  FIGURE  2  —  "  SATURATION "  AND  "ON  VOLTAGES 
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FIGURE  4      CURRENT-GAIN      BANDWIDTH  PRODUCT 
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There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  junction  temperature  and  secondary  breakdown  Safe 
operating  area  curves  indicate  'c  —  VQ£  limits  of  the  transistor  thai 
must  be  observed  for  reliable  operation.  ie,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate 


to  n 

IC  CQUtCTO*CU««NTI< 


The  data  of  Figure  3  is  based  on  TJ(pk)  =  150  *C,  TC  is  variable 
depending  on  conditions  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  secondary  breakdown 
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BD526 

BD528  BD530 





® 


PIMP  SILICON  ANNULAR* 

A  Mini  I  r  I  r  n  TDAhlCICTADC 


.  designed  for 
applications 


e  amplifier  and  driver 


High  Collector- Emitter  Breakdown  Voltage  — 


=  60  Vdc  (Min)  ( 


1  0  mAdc  ■ 


80  Vdc  (Min)  <9>  lc  =  1.0  mAdc  - 
100  Vdc  (Min)  @  lc  =  1 .0  mAdc 

High  Power  Dissipation  —  PQ  =  1 0  W  @  Tc  = 


BD526 
BD528 
-  BD530 

25  "C 


•    Complements  toNPN  BD525,  BD527,  BD529 


PNP  SILICON 
AMPLIFIER  TRANSISTORS 


60-80-100  VOLTS 
10  WATTS 


,   (1)  E  Ulj  (2) 

Bc  Bc 

(1)  Standard  packaga:  8D526.  528.  530 

(2)  Tab  formed  foi  flat  mounting  BD526  1 .  528  1 

530  1 

Also  available  with  leads  lormed  to  TO  5  con 
liguianon  BD526  5.  528  5.  530- 5 





MAXIMUM  RATINGS 


Rating 

Symbol 

BD526 

BD528 

BDS30 

Unit 

Collector  Emitter  Voltage 

vCE0 

60 

80 

100 

Vdc 

Collector  Base  Voltage 

VCB 

60 

80 

100 

Vdc 

Emitter  Base  Voltage 

veb 

  4  0   

Vdc 

Collector  Current  Continuous 

lc 

  2  0   

Adc 

Total  Device  Dissipation  @TA  =  25°C 
Derate  above  25°C 

fD 

10 
80 

Wat! 
mW/°C 

Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

fD 

10 
80 

Watts 
mW/°C 

Tj.Tstg 

-55  to  » 150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Man 

Unit 

Thermal  Resistance.  Junction  to  Case 

«JC 

12  5 

°C/W 

Thermal  Resistance.  Junction  to  Ambient 

«JA 

125 

°C/W 

All  dimensions  in  millimeters 

Collector  connected 
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BD526,  BD528,  BD530 

ELECTRICAL  CHARACTERISTICS  (Tp  =  25°C  unless  otherwise  noted) 


Characteristic 


Min 


Typ 


Max 


Unit 


OFF  CHARACTERISTICS 


Collector- Emitter  Breakdown  Voltage  B0526 
(lc  =  1.0  mAdc.  IB  =  0)  BD528 

BVCEO 

60 
80 

Vdc 

100 

Emitter  Base  Breakdown  Voltage 
(lE  =  100  ,rAdc,  lr=0) 

BVEB0 

4.0 

Vdc 

Collector  Cutoff  Current 
(VCB  =40  Vdc.  IE  =0) 
(VC8  =60  Vdc.  IE  =0) 
(VCB=80Vdc.,E  =  0) 

BD526 
BD528 
BD530 

'CBO 

_ 

_ 

100 
100 
100 

nAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (1) 
(lc  =  50mAdc,  VCE  =  20Vdc) 
<lc  =  250  mAdc.  VCE  =  2.0  Vdc) 

"FE 

60 
30 

153 
98 

Collector- Emitter  Saturation  Voltage(1 ) 
(lc  =  250  mAdc,  lB  =  10  mAdc) 
(lc  =  250  mAdc,  lB  =  25  mAdc) 

vCE(sat) 

0.22 
0.15 

05 

Vdc 

Base- Emitter  On  Voltage  (1 ) 
(lc  =  250  mAdc,  VCE  =  5,0  Vdc) 

vBE(on) 

0  78 

1.0 

Vdc 

SMALL  SIGNAL  CHARACTERISTICS 


Current  Gam  -Bandwidth  Product 

(lc  =  200  mAdc,  VCE  =  5,0  Vdc,  f  =  100  MHz) 


Output  Capacitance 
(VCB  -  10  Vdc,  lE  =  0,  f  =  100  kHz) 


Cob 


50 


100 


10 


15 


MHz 


pF 


POIse  Test  Pulse  W.dih   %  300  us.  [ 

FIGURE  1       DC  CURRENT  GAIN 


FIGURE  2  — "ON"  VOLTAGES 


5  0    10     10  20  50  '0 

IC  COLLECTOR  CURRENT ImAI 

FIGURE  3      DC  SAFE  OPERATING  AREA 


FIGURE  4-    CURRENT-GAIN  -BANDWIDTH  PRODUCT 


S  0  Vrlt 

Tj  -  2S"C 
1  1  I  1 

V[]£  COLLECTOR  EMITTED  VOlIAGt  ( YQLTS) 


SO  10  70 

'C.C 


50  100  200 

IRRENT  (niAJ 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor'  junction  temperature  and  secondary  breakdown  Safe 
operating  area  curves  indicate  lc  —  VCE limits  of  the  transistor  that 
musi  be  observed  for  reliable  operation;  ie„  the  transistor  must 
—  be  subjected  to  greater  dissipation  than  the  curves  indicate. 


The  data  of  Figure  3  is  based  on  Tj  (p^)  =  150°C;  T£  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  secondary  breakdown 
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NPN 


PNP 


BD533  BD534 
BD535  BD536 
BD537  BD538 


COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTORS 

designed  for  use  in  general  purpose  amplifier  and 


applications. 

•  Collector-Emitter  Saturation  Voltage  - 

Vce  "  0-8  Vdc  (Max)  @  lc  =  2.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  — 

VCEO  (sus)  "  45  Vdc  (Min)  BD533,  BD534 
=  60  Vdc  (Min)  BD535,  BD536 
-  80  Vdc  (Min)       BD537,  BD538 


•  High  Current  Gain  —  Bandwidth  Product 

fj  ■  3.0  MHz  (Min)  @  lc  =  250  mAdc 

•  Compact  TO-220  AB  Package 

•  TO-66  Leadform  Also  Available  ordered  with  "-66"  suffix 


4  AMPERE 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

45.  60.  80  VOLTS 
50  WATTS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Volt; 


Collector  Current  -  Continuous 
Peak 


Base  Current 


Total  Device  Dissipation 
@  TC  ■ 25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


VCB 


VEB 


TJ.Tstg 


BD533 
BD534 


BD535 
BD536 


BD537 
BD538 


80 


5.0 


-4.0 
-8.0- 


50 
0.4 


-65  to  +150 


Adc 


Watts 

W/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R8JC 

2.5 

°C/W 

Thermal  Resistance.  Junction  to  Ambient 

R»JA 

70 

°C/W 

50 

vi 

C  40 
< 

1  30 

< 

trt 

°  20 
Be 

Ui 

1 

o  10 
n 

FIGURE  1  --POWER  DERATING 

V 

20         40         60         80        100        120       140  160 
Tc.  CASE  TEMPERATURE  (°C) 

r 


— s 

r — c 


-D- 


|  SECT  A  A 


-  R 

JUj 


STYLE  1 

PIN  h  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


1 

J 

oJC- 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

16.75 

0.595 

0.620 

8 

9.65 

10.29 

0.380 

0  405 

C 

4.06 

4.82 

0.160 

0.190 

D 

0.64 

0.89 

0  025 

0.035 

F 

3.61 

3.73 

0  142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

330 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

0 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0  080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0  235 

0  25p 

II 

0.76 

1.27 

0.030 

0.050 

CASE  221A02 
TO-220AB 


u  t  io 


BD533,  BD535,  BD537  NPN 
BD534,  BD536,  BD538  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  »  25  °C  unless  otherwise  noted) 
|  Charactjrlrtlc  |      Symbol      |       Mln.         |       Max.         |       Unit  1 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage1 

(lC  -  0.1  Adc.  IB  =  0)                                    BDS33,  BD534 

BD535,  BD536 
BD537,  BD538 

vCE0(sus) 

45 
60 
80 

Vdc 

Collector  Cutoff  Current 

(VCB  "  «5  Vdc,  lE  -  01                                  BDS33,  BD534 
(VCB  -  60  Vdc,  lE  -  0)                                  BD535,  BD536 
(VcB-80Vdc,  lE-0l                                  BD537.  BD538 

ICBO 

pop 

mAdc 

Collector  Cutoff  Current 

( VCE  -  4B  Vdc,  V EB  -  01                               BD533,  BD534 
(VeE  -  60  Vdc,  VEB  -  0)                               BD535,  BD536 
(VCE«80Vdc.VEB-0>  BD537,BD538 

'CES 

100 
100 
100 

MAdc 

Emitter  Cutoff  Current 
(VBE-S.O  Vdc,  lC-0) 

>EB0 

1.0 

mAdc 

1  1 

.1  ■ 
ON  CHARACTERISTICS 

DC  Current  Gain 

(IC-10mAdc.  VCE-5Vdc)                         BD533,  BD534 

BD53S,  BD536 
BD537.  BD538 

<IC  -  500  mAdc.  VCE  -  2  Vdc) 

(lC  -  2  Adc,  VCE  "  2  Vdc)                              BD533,  BD534 

BD535,  BD536 
8D537,  BD538 

nFE 

20 
20 
15 
40 
25 
25 
15 

Collector-Emitter  Saturation  Voltage 
(lC- 2.0  Adc,  lB«0.2Adc) 

Base-Emitter  On  Voltage 

[lC"  2.0  Adc.  VCE  =  2.0  Vdc) 

vCE(Mt) 
vBE(on) 

0.8 
1.5 

Vdc 
Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 

(IC  =  250  mAdc.  VCE  =  1  Vdc,  W- 1MHz) 

*T 

3.0 

MHz 

1  Pulse  test  =  Pulse  width  <  300  Lis,  Duty  Cycle  <  2.0%. 
'fT-fcul-*!.* 

FIGURE  2  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT 


—]      <2     I—*         DUTY  CYCLE  i 

TURK-O^Ul* 


2.0% 


FIGURE  3—  TURN-ON  TIME 


0.03      0.05  0.07   0.1  0.3       0.5    0.7  1.0 

lC.  COLLECTOR  CURRENT  (AMP) 
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FIGURE  4  -  THERMAL  RESPONSE 


Zojco)  ■  '(i)  R»ic 

R9JC  -  3.125°  C/W  Man 

D  CURVES  APPLY  f  OR  POWER 
PULSE  TRAIN  SHOWN 
READ  TIME  AT  It 

Tj(pk)  -  TC  -  P(pk)  ZtJCItl 
DUTY  CYCLE.  0  -t,/t2 

LLLU  U  1  I  I  I  llll    II  l_ 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


O.tl 
5.0 


10  20  SO 

IC.  COLLECTOR  CURRENT  (AMP) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  IcVcE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|<)  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<)  <  150°C.  Tjjp^j  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures,, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 
(See  AN-415A). 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  —  CAPACITANCE 
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BD533,  BD535,  BD537  NPN 
BD534,  BD536,  BD538  PNP 


FIGURE  8  —  DC  CURRENT  GAIN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 


S  1.2 
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IC,  COLLECTOR  CURRENT  (AMP) 


FIGURE  10  -  "ON"  VOLTAGES 
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FIGURE  11  -  TEMPERATURE  COEFFICIENTS 


lC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  12  -  COLLECTOR  CUT-OFF  REGION 


FIGURE  13  -  EFFECTS  OF  BASE-EMITTER  RESISTANCE 


_  102 
< 

S  ioi 


,00 


Zi  10' 

O 
O 

^,0-2 
10-3 


 VCE=30 

 1  

V 

1  

 1  1  

T 

-  150' 

C 

-100" 

c= 

- 

~RFV 

ERSE^ 

/ 

■F0RW 

ARD  — 

 25 

sc — 

-ICES- 

-0.4     -0.3     -0.2     -0.1       0      +0.1     +0.2     +0.3    +0.4     +0.5  +0.6 
Vbe.  BASE  EMITTER  VOLTAGE  (VOLTS) 


60  80  100  120 

Tj,  JUNCTION  TEMPERATURE  PC) 

■ 


3-421 


BD675 

675A  BD679 
679A 


MOTOROLA 


PLASTIC  MEDIUM-POWER 
SILICON  NPN  DARLINGTONS 

...  for  use  as  output  devices  in  complementary  general  purpose  amp- 
lifier applications. 

•  High  DC  Current  Gain  — 

hFE  =  750  (Min)  @  lC  =  1.5  and  2.0  Adc 

•  Monolithic  Construction 

•  BD675,  675A,  677.  677A,  679,  679A.  681  are  complementary  with 
BD676,  676A,  678,  678A,  680,  680A,  682 

•  BD  677,  677A,  679,  679A  are  equivalent  to 
MJE  800,  801,  802,  803 


MAXIMUM  RATINGS 


Rating 

Symbol 

BD675 
BD675A 

BD677 
BD677A 

BD679 
BD679A 

BD681 

Unit 

Collector-Emitter  Voltage 

VCEO 

45 

60 

80 

100 

Vdc 

Collector-Base  Voltage 

VCB 

45 

60 

80 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current 

ic 

4.0 

Adc 

Base  Current 

<B 

0.1 

Adc 

Total  Device  Dissipation 
®  TC  =  25  °C 
Derate  above  25  °C 

PD 

40 
0.32 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperating  Range 

TJ.  Tstg 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 


Symbol 

Max. 

Unit 

Thermal  Resistance. 
Junction  to  Case 

»JC 

3.13 

°C/W 

50 
46 

FIGURE  1  - 

-  POWER  TEMPERATURE  DE RATING 

< 

10 

35 
30 
25 

2 
z 

'ATIC 

ISSIF 

a 

20 
15 

S 
a 

a 

10 

50 

15        30       45  E 

0       75      90      105      120      135      150  165 

Tc.  CASE  TEMPERATURE  l°C) 

4.0  AMPERE 
DARLINGTON 
POWER  TRANSISTORS 
NPN  SILICON 


45,  60,  80.  100  VOLTS 
40  WATTS 


^  7.74 


3.75 


2.15 
2.41 


r 


0.50 
0.66 

STYLE  1 

PIN  1  EMITTER 

2  COLLECTOR 

3  BASE 


0.3B 
0  63 


3  68 
3.93 


-  2.92  dia  THRU 
3.30 


10.79 
11.04 


15.36 

16.63 


_  0.63 
0.89 


HEAT  SINK 
CONTACT  AREA 
I80TT0MI 


t     3     f  i:39  f 
r*"TYP 


2.41 


When  mounting  the  deuce  torqiM  not  lo  c-ceed  0  0/  m-kg 

It  lead  bendmg  u  required  use  tmlable  damw  or  other  mpnorts 
Oeiween  irjnsisnjr  cue  ano  pomi  Di  Deno 

All  dimenjionj  m  millinwUfi 
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BD675,  675A,  BD677,  677 A,  BD679,  679A,  BD681 


ELECTRICAL  CHARACTERISTICS 


25°C  unless  otherwise  noted) 


I     Svmho,     I  S~  1  Max  1  itah  1 

aymooi     j       rv»n  w"t  _______ 


OFF  CHARACTERISTICS 


Collector  Emitter  Breakdown  Voltage!  1)                           BD675,  67BA 
«C- SO  ISS'SSJ 

BVCEO 

45 

60 
SO 

Vdc 

BD681 

100 

Collector  Cutoff  Current 

(VCE-Half  Rated  VCEO.lB-0) 

'CEO 

500 

nAdc 

Collector  Cutoff  Current 

IVCB  -  Rated  BVCE0.  Ie  "  01 

(VCB  =  Rated  BVCEo.  'E  -  0.  Tc  »  100°CI 

'CBO 

0  2 
20 

mAdc 

Emitter  Cutoff  Current 
IVBE  -  5  0  Vdc.  >c  t  01 

1  1 

'EBO 

20 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain!  11 

Oc  ■  1.5  Adc.  Vce  »  3.0  Vdc)                             BD675,  677,  679,  681 
Oc  *  2  0  Adc.  VCE  ■  3  0  Vdc)                             BD  675A.  677A,  679A 

nFE 

750 
750 

Collector-Emitter  Saturation  Voltaged) 
He  =  1.5 Adc,  lB  »30mAdcl 
(IC'2.0Adc,lB  =  40mAdc) 

8D  677,  679,  681 

BD  675A,  677A.  679A 

vCEIsatl 

25 
2  8 

Vdc 

Base-Emitter  On  Voltaged) 

|lc  -  1  5  Adc.  VCE  =  3.0  Vdcl                             BD  677,  679,  681 
llc  -  2.0  Adc,  VCE  -  3.0  Vdc)                               BD  675A.  677A,  679A 

vBEIon) 

2  5 
2  5 

Vdc 

DYNAMIC  CHARACTERISTICS 


Small  Signal  Current  Gain 

(lC- 1.5  Adc.  VCE  -  3  0  Vdc.  f  =  1 .0  MHzl 

"fe 

1.0 

"IpulM  Ten     Pulse  Width  «  300  us.  Duty  Cycle  £2.0%. 

FIGURE  2  -  DC  SAFE  OPERATING 

AREA 

.     Bonding  Wire  Limit 

 Thermal  Limit  at  Tc  =  25°C 

 Secondary  Breakdown  Limii 


BD675,  675A 
BD677,  677A 
BD679,  679A 
BD681 


10 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  average  junction  temperature  and  secondary  breakdown. 
Safe  operating  area  curves  indicate  lc~vCE  I'rnits  of  the  transistor 
that  must  be  observed  for  reliable  operation:  e.g.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  in< 

At  high  case  temperatures,  thermal  limitations  will  r 
power  that  can  be  handled  to  values  less  than  the  limitations  im- 
posed by  secondary  breakdown.  (See  AN-415) 
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FIGURE  3     DARLINGTON  CIRCUIT  SCHEMATIC 
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ul/V/O  OOUM 

678A  BD682 
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PLASTIC  MEDIUM-POWER 
SILICON  PNP  DARLINGTONS 

.  .  .  for  use  as  output  devices  in  complementary  general-purpose  amp- 
lifier applications. 


•  High  DC  Current  Gain  - 

hFE  =  750  (Mini  ®IC=  1.5  and  2.( 

•  Monolithjc  Construction 


•    BD676,  676A,  678,  678A,  680,  680A,  682  are  complementary  with 
BD675,  675A,  677,  677A,  679,  679A,  681 

■   BD  678,  678A,  680,  680A  are  equivalent  to 
MJE  700,  701.  702,  703 


MAXIMUM  RATING 


Rating 

Symbol 

BD676 
B0676A 

BD678 
BD678A 

BO680 
BD6S0A 

BD682 

Unit 

Collector-Emitter  Voltage 

VCEO 

45 

60 

80 

100 

Vdc 

Collector-Base  Voltage 

VCB 

45 

60 

80 

100 

Vdc 

Emitter-Base  Voltage 

veb 

5 

0 

Vdc 

Collector  Current 

ic 

4.0 

Adc 

Base  Current 

■b 

0.1 

Adc 

Total  Device  Dissipation 
@  Tc  =  25  °C 
Derate  above  25  °C 

pD 

40 

0.32 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperating  Range 

Tj,  Tstg 

-55  to  +1 50 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance, 
Junction  to  Case 

SJC 

3.13 

°C/W 

FIGURE  1  -  POWER  TEMPERATURE  DERATING 

ISSIPATIONIWATTS) 

1 

d  iyj 

S  15 
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%  10 

5.0 

15        30       45       60        75       90       105      120      135      150  165 
Tc.  CASE  TEMPERATURE  l»C) 

4.0  AMPERE 
DARLINGTON 
POWER  TRANSISTORS 
PNP  SILICON 


45,  60,80,  100  VOLTS 
40  WATTS 


ZS3  pia  THRU 
3.20 


STYLE  I 

PIN  I  EMITTER 

2  COLLECTOR  | 


HEAT  SINK 
CONTACT  AREA 
IBOT'i  0M) 


When  mourning  me  deuce  torque  nol  lo  eiceed  001  mio, 

II  lead  bendmrj  n  required  use  swindle  clamps  or  other  subootis 
between  iransisior  case  and  point  ol  bend 
rtli  d 
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BD676,  676A,  BD678,  678A,  BD680,  680A,  BD682 

ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted! 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltajedl 
(lC  =  50mAdc.  lB-0) 

BD676,  676A 
BD678,  678A 
BD680,  680 A 
BD682 

BVcEO 

45 
60 
80 
100 

- 

Vdc 

Collector  Cutoff  Current 

'ceo 

(VCE-Half  R«.dVCEO.lB-0> 

- 

500 

Collector  Cutoff  Current 

IVCB  =  Rated  BVceo.  'E  =  0) 

IVCB  =  Rated  BVCE0.  IE  =  0.  Tc  =  100°CI 

'CBO 

02 
20 

mAdc 

Emitter  Cutoff  Current 

IVBE  =  5  0  Vdc.  IC  "  01 
1  

'EBO 

20 

mAdc 

ON  CHARACTERISTICS 

 _ 

DC  Current  Gain(l) 

He  "  15  Adc.  VcE  =  3.0  Vdcl 
Oc  -  2.0  Adc.  Vce  ■  3.0  Vdcl 

BD676,  678,  680.  682 
BD  676A,  678A,  680A 

nF  E 

750 
750 

Collector-Emitter  Saturation  Voltage*  1 1 
(IC  =  1.5Adc.  lB«30mAdc! 
(>C  "  2.0  Adc.  IB  =  40  mAdc) 

BD  678.  680.  682 
BD  676A,  678A.  680A 

vCEIsall 

2  5 
2.8 

Vdc 

Base-Emitter  On  Voltagedl 



vBEIOnl 

Vdc 

llc  =  1-5Adc.  VCE  =30  Vdcl 
llc  "2.0  Adc.  VCE  "  3  0  Vdcl 

BD  678.  680.  682 
BD  676A,  678A.  680A 

2.5 
2  5 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  (Jain 

(lc-1.5Adc.VCE  =  3.0Vdc,f=1.0MHz> 

10 

( tlPulse  Test     Pulse  Width  <  300  us.  Dutv  Cvcle  <  2  0%. 

FIGURE  2 


DC  SAFE  OPERATING  AREA 


There  are  Two  limitations  on  the  power  handling  ability  of  a 
transistor  average  junction  temperature  and  secondary  breakdown 
Safe  operating  area  curves  indicate  Iq  Vq£  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  e.g.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

At  high  case  temperatures  thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than  the  limitations  im- 
posed by  secondary  breakdown    (See  AN  415) 


Vce;,  collector  emitter  voltage  (voltsi 
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NPN  PNP 

BD775  BD776 

BD777  BD778 

BD779  BD780 


— 


MOTOROLA 


PLASTIC  DARLINGTON  COMPLEMENTARY 
SILICON  ANNULARO  POWER  TRANSISTORS 

.  .  .  designed  for  general  purpose  amplifier  and  high-speed 
switching  applications  such  as  hammer  drivers  for  desk  calculators. 

•  High  DC  Current  Gain 

hpE  =  1400  (Typ)  @  lc  =  2.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  -  @  10  mAdc 
VCEO  <s"s)     "  45  Vdc  (Min)  -  BD775,  776 

=  60  Vdc  (Min)  -  BD777,  778 
=  80  Vdc  (Min)  -  BD779,  780 

•  Reverse  Voltage  Protection  Diode 

•  Monolithic  Construction  with  Built-in  Base-Emitter 
output  Resistor 

•  Thermopad  llA  Construction  with  Hard  Solder  for 
High  Reliability.  


DARLINGTON 
4-AMPERE 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 
45.  60,  80  VOLTS 
15  WATTS 


MAXIMUM  RATINGS 


Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  - 
Continuous  Peak 


Base  Current 


BD775 
BD776 


vCEO 


VEB 


'B 


Total  Device  Dissipation  Pq 
Tc  =  25°C  -  Derate  above 
25°C 


BD777 
B0778 


BD779 
BD780 


4.0 
6.0 


15 
0.12 


Operating  and  Storage 
junction  Temperature 
Range 


Tj.  Tstg 
TJ.Tstg 


-  65  to +  150 


Watts 
W/°C 


Characteristics  Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case  R0JC 

8.34 

°C/W 

Thermal  Resistance,  junction  to  Ambient  R0JA 

83.3 

°C/W 

P(j,  POWER  DISSIPATION  {WATTS} 

FIGURE  1  -  POWER  DERATING 

Pr)  POWER  DISSIPATION  IWATTSI 

20  4 

0           60          80         100  120 
T,  TEMPERATURE  l»CI 

UO  160 

3.75 
4TTf 


7.49 
7.74 


2.15 


.  132  0IA  THRU 


3.90 


05g_ 

0.66 

STYLE  1 

PIN  1  EMITTER 

2  COLLECTOR 


10.79 
11.04 


■*  6\66    16  63 


L-  2.36  T.P. 


r^=l=-r 


HEAT  SINK       -~«J  l__  3° 
CONTACT  AREA 
180TT0MI 

Wh.»  moMing  to  <«r.c» 


sior  cise  and  po.ni  ol  bend 


II  flimtnsionj  in  millim«l«rs 
CASE  77-04 


Annular  Semiconductors  Patented  by 
Trademark  of  Motorola  Inc. 


Motorola  Inc. 
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BD775,  BD777,  BD779  NPN 
BD776,  BD778,  BD780  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25  C  unless  otherwise  noted) 


CHARACTERISTIC 

SYMBOL 

MIN. 

MAX. 

UNIT 

OFF  CHARACTERISTICS 

Collector-Emitter 

Collector-Emitter  Sustaining  Voltage  (1) 
(l0=  10mAdc,  lB  =  01         BD775,  BD776 
BD777,  BD778 
BD779,  BD780 

VCE0  (sus) 

45 

Vdc 

60 
80 

Collector  Cutoff  Current 
(VCE  =  20  Vdc.  IB  =  0)         BD775,  BC 
(VCE  =  30  Vdc,  lB  =  0)         BD777,  BC 
(VCE  =  40  Vdc.  IB  =  0)         B0779.  BC 

776 
778 
780 



'CEO 

100 
100 
100 

/JAdc 

Collector  Cutoff  Current 

(VCB  =  Bated,  VCE0  Isus).  IE  =  0) 

1 VCB     riaiea,  vq^q  isus/,  i£  —  u,  \q  — 

10 

o°c> 

CBO 

1.0 
100 

(iAdc 

Emitter  Cutoff  Current 
(VbE  =  B.O  Vdc,  Iq  =  0) 



'EBO 

1.0 

/JAdc 

ON  CHARACTERISTICS 


DYNAMIC  CHARACTERISTICS 





Turn-On  T  me  (lc  =  250  mA/VCE  -  2  VI 

BD775-777-779 


_ 


BD776-778-780 





Turn  Off  Time(lc  = 


,  VCE  =  2  V) 
BD775-777-779 
BD776-778-780 


toff 


250 
250 
150 


DC  Current  Gain 

(lc  =  2.0  Adc,  VCE  =  3.0  Vdc) 

HFE 

750 

Collector-Emitter  Saturation  Voltage 
(lc  -  '  5  Adc.  IB  =  6mAdc) 

VCE  (Sat) 

1.5 

Vdc 



Base  Emitter  Saturation  Voltage 

(lc  =  1.5  Adc,  lB  =  BmAdcl 

VBE  (Satl 

2.5 

Vdc 

Base-Emitter  On  Voltage 

VBE  (On) 

2.3 

Vdc 

(IC=  1.5  Adc.  VCE  =  3  Vdcl 

Output  Diode  Voltage  Drop 
(lEC=  2.0  Adc) 

vEc 

2.0 

Vdc 
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BD787  BD788 


COMPLEMENTARY  PLASTIC  SILICON  ANNULAR* 
POWER  TRANSISTORS 

. . .  designed  for  low  power  audio  amplifier  and  low  current,  high- 
speed switching  applications. 


Low  Collector-Emitter  Sustaining  Voltage  - 
VCEO  <*"»)     45  Vdc  (Min)  -  BD785,  BD786 
60  Vdc  (Min)  -  BD787,  BD788 


High  Current  Gain  -  Bandwidth  Product  - 

fT  *  50  MHz  (Min)  @  lc  =  100  mAdc 
DC  Current  Gain  Specified  at  0.2,  1.0,  2.0  and  4.0  Adc 
Collector  Emitter  Saturation  Voltage  Specified  at  0.5,  1.0, 

2.0  and  4.0  Adc 


4  AMPERE 
POWER  TRANSISTORS 

COMPLEMENTARY  SILICON 

45,  60VOLTS 
15  WATTS 


•MAXIMUM  RATINGS 


Rating 

Symbol 

BD785 
BD786 

BD787 
BD788 

Unit 

Collector-Emitter  Voltage 

VCEO 

45 

60 

Vdc 

Collector-Base  Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEBO 

6.0 

Vdc 

Collector  Current  -  Continuous 
-Peak 

'c 

4.0 
8.0 

Adc 
Adc 

Base  Current 

>B 

1.0 

Adc 

Total  Power  Dissipation  @>  Tc  -  25°C 
Derate  Above  25°C 

'D 

15 
0.12 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  T„g 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R9JC 

8.34 

°C/W 

16 

1  « 

£ 

z 
o 

8.0 

1 

a 

BS 

tsj 

o  4.0 
0 

FIGURE  1  -  POWER  DERATING 

1.6 

■a 
a 

1 

3D 

o 

as 
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o 

0.4  i 

0 

20         40          60         80         100  120 
T.  TEMPERATURE  (°C) 

H 

0 

160 

2^92  oia  THRU 


STVIE  I 

PIN  I  EMITTER 

2  COLLECTOR 

3  BASE 


When  mourning  (he  device  torque  not  to  eiceed  0  0/  m-ig 

It  ejfl  bending  is  required  use  suitable  climps  or  other  supports 
between  transistor  esse  and  point  ot  bend 

All  dimensions  in  millimeters 
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BD785,  BD787  NPN 
BD786,  BD788  PNP 


•ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted.) 


Character  ittic 

Symbol 

Min 

Max 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 

(lc-  10  mAdc.  IB-0I                B0785.  BD786 
BD787.  BD788 

vCEO(susl 

45 

60 

Vdc 

Collector  Cutoff  Current 

(VCE-20Vdc.  IB"0)                BD785,  BD786 
1 VCE  -  30  Vdc.  I B  =  01                BD787.  BD788 

'CEO 

100 
100 

MAdc 

Collector  Cutoff  Current 

(VCE-60Vdc.  VBE(0ff)             BD785,  BD786 

-  1.5  Vdc) 

(VCE  -  80  Vdc.  VBE(0ff)             BD787,  BD788 

-  1 .5  Vdcl 

(VCE  =  30  Vdc,  VBE|off|             BD785,  BD786 

-  1.5  Vdc,  TC  -  125°CI 

(Vce  =  40  Vdc,  VBEl0ff)             BD787,  BD788 

-  1.5Vdc,Tc  =  125°C 

'CEX 

1.0 
1.0 
0  1 
0.1 

uAdc 
mAdc 

Emitter  Cutoff  Current 
(V€B  -6.0  Vdc,  lc  =  0) 

lEBO 

1.0 

MAdc 

ON  CHARACTERISTICS  111 

DC  Current  Gain 
(lc  -  200  mAdc,  VCE  -  3  0  Vdc) 
(lc  =  1 .«  Adc,  VCE  -  3.0  Vdc) 
(lc  •  2.0  Adc,  VCE  -  3.0  Vdc) 
(lc  =  4.0  Adc.  VCE  -  3.0  Vdcl 

"FE 

40 

25 
20 
5.0 

250 

Collector-Emitter  Saturation  Voltage 
(lC  ■  500  mAdc.  IB  -  50  mAdcl 
(lC=  1.0  Adc.  IB  -  100  mAdc) 
(lc  -  2.0  Adc.  IB  -  200  mAdc) 
(lc  =  4.0  Adc.  IB  =  800  mAdc) 

vCEIsat) 

04 

0.6 
0.8 

2.5 

Vdc 

Base-Emitter  Saturation  Voltage 
|lc  =  2.0  Adc.  IB-  200  mAdcl 

vBE(satl 

2.0 

Vdc 

Base-Emitter  on  Voltage 

<lC,-2.0Adc.  VCE  =  3.0Vdc) 

vBE(on> 

1.8 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

IIC  "  100  mAdc,  VCE  -  10  Vdc.  f  =  10  MHz) 

'T 

50 

MHz 

Output  Capacitance 

(Vcb  •  10  Vdc,  lc  -  0)                BD785,  BD787 
f  =  0.1  MHz)                             BD786,  BD788 

C0b 

50 
70 

pF 

Small-Signal  Current  Gain 

hfe 

10 

(lC-  200  mAdc,  VCE  -  10  Vdc.  f  -  1.0  kHz) 

■Indicates  JEDEC  Registered  Data. 

11)  Pulse  Test:  Pulse  Width  <  300  us,  Duty  Cycle  <  2.0% 


FIGURE  3  -  TURN-ON  TIME 


-4V 

Be  *«l  «C  V*BIE0  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
0|  MUST  BE  FAST  RECOVERY  TYPE.  eg. 
MBD5300  USED  ABOVE  IB  —100  mA 
MS0C100  USED  BELOW  IB  =  100  mA 

FOB  PHP  TEST  CIRCUIT,  REVERSE  ALL  POLARITIES 


0.04    0.06      0.1  0.2  0.4     0.6  1.0 

IC.  COLLECTOR  CURRENT  IAHPI 


2.0  4.0 


3-429 


20 

I.  TIMEIms) 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


111 

5  0 

S 

2  o 

< 

1  0 

05 

a 

0  2 

0  1 

0  06 

0  0? 

II  m 

.-^i-  150°C 

 BONDING  WIRE  LIMITED 

 THERMALLY  LIMITED  @>  Tc  ■  25°C  

(SINGLE  PULSE) 

 SECOND  BREAKOOWN  LIMITED 

CURVES  APPLY  BELOW 
RATED VCEO 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  average  (unction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  'C'VCE  lir"'tsof  the  transistor 
that  must  be  observed  for  reliable  operation,  i.e..  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  F  igure  5  is  based  cn  Tj|pj,j  =  150°C;  Tq  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  <  150°C.  Tj(pk)  may  be 
calculated  from  the  data  m  Figure  4  /Vt  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
(See  AN  415A) 


FIGURE  7  -  CAPACITANCE 


'J  I 

I 

- 

-I 

0 

 B07BS.  78/  INPNI 

  BD7B6  788  IPNP] 

 I  .  i   

Vr,  REVERSE  VOLTAGE  (VOLTS) 
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BD785,  BD787  NPN 
BD786,  BD788  PNP 


BD785.  BD787 


FIGURE  8  —  DC  CURRENT  GAIN 
200 


0.04    0.06      0.1  0.2  0.4     0.6       1  0 

lC.  COLLECTOR  CURRENT  IAMPI 


0.O4    0.06      0.1  0  2  0.4     06       1.0  2.0  4.0 

lC,  COLLECTOR  CURRENT  (AMPI 


Tj  -  25°C  - 


VBEIat)»IC/lB-10 


VBEIon)»VcE-3.0V 


FIGURE  9  -  "ON"  VOLTAGES 
2.0 


urr 

Tj  -  25°C 


V8E(on|eVCE-3.0V. 


miii    i  r. 


0.04    0.06  0.1 


0.2  0.4     0.6       1.0  2.0  4.0 

lC.  COLLECTOR  CURRENT  (AMPI 


0.04  0.06  0.1 


2  0.4     0.6       1.0  2.0  4.0 

lC.  COLLECTOR  CURRENT  IAMPI 


FIGURE  10  -  TEMPERATURE  COEFFICIENTS 
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lC.  COLLECTOR  CURRENT  I. 
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BD791  BD792  (M) 


MOTOROLA 


COMPLEMENTARY  PLASTIC  SILICON  ANNULAR* 
POWER  TRANSISTORS 

. . .  designed  for  low  power  audio  amplifier  and  low-current,  high 
speed  switching  applications. 

•  High  Collector-Emitter  Sustaining  Voltage  - 

VCEO(sus)  ■  80  Vdc  (Min)  -  BD789,  BD790 
=  100  Vdc  (Min)  -BD791,  BD792 

•  High  DC  Current  Gain  (S>  Iq  =  200  mAdc 

hFE  =  40-250 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  =  0.5  Vdc  (Max)  @  lC  =  500  mAdc 

•  High  Current  Gain  -  Bandwidth  Product  - 

fT  =  40MHz(Min)@lC=  100  mAdc) 


4  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

80,  100  VOLTS 
15  WATTS 


•MAXIMUM  RATINGS 


Rating 

Symbol 

BD789 
BD790 

BD791 
BD792 

Unit 

Collector-Emitter  Voltage 

VcEO 

80 

100 

Vdc 

Collector-Base  Voltage 

VCB 

80 

100 

Vdc 

Emitter-Base  Voltage 

VEBO 

6.0 

Vdc 

Collector  Current  -  Continuous 
-  Peak 

•c 

4.0 
1.0 

Adc 

Base  Current 

•b 

1.0 

Adc 

Total  Power  Dissipation  9  Tg  -  25°C 
Derate  above  25°C 

Pd 

15 

Watts 

0.12 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  +150 

°c 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

8.34 

°C/W 

FIGURE  1  -  POWER  DERATING 


I  4, 

a. 

i 


s 

s 

N 

0.4  I 


80  100  120 

T,  TEMPERATURE  PCI 


2-9?  niA  THRU 


sme  i 

PIN  1  EMITTER 

2  COLLECTOR 

3  BASE 


When  mourning  the  de»ice  torque  nol  lo  erceed  0  01  mag 

II  lead  bending  is  required  use  suitable  clamps  or  olher  supports 
between  iransistor  case  and  point  ol  bend 

111  dimensions  m  millimeters 

CASE  77-04 
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BD789,  BD791  NPN 
BD790,  BD792  PNP 


♦ELECTRICAL  CHARACTERISTICS (Tc  -  25°C  unless otherwise  noted.) 
|  Characteristic  | 


1  1 

Collector-Emitter  Sustaining  Voltage  (11 

(lc  =  10mAdc.lB  =  0l  BD789.BD790 

B0791,  BD792 

VcEO(tUf) 

80 
100 

Vdc 

Collector  Cutoff  Current 

( VCE  =  40  Vdc.  I B  -  0)                                     BD789,  8D790 
(VCE  -  50  Vdc,  lB  ■  01                                     BD791,  BD792 

'CEO 

100 
100 

pAdc 

Collector  Cutoff  Current 
IVCE  -  80  Vdc.  VBE(0ff)  -  1.5  Vdc)                   BD789,  BD790 
(VCE  -  100  Vdc.  VB£(0ff)  -  1.5  Vdc)                  BD791.  BD792 
(VCE  =  40  Vdc,  VBE(of(|  -  15  Vdc.  Tc  -  125°C)  BD789,  BD790 
(VCE  -  50  Vdc,  VBE(o)fr  1.5  Vdc.Tc  =  t2i«C|    BD791,  BD792 

'CEX 

1.0 
1.0 
0.1 
0.1 

MAdc 
mAdc 

Emitter  Cutoff  Current 
IVEB=6  0  Vdc,  lc  =  0) 

!EBO 

1.0 

^Adc 

ON  CHARACTERISTICS  111 


DC  Current  Gain 

llc  "  200  mAdc,  VCE  =  3  0  Vdc) 
llc=1.0Adc,  VCE=3.0  Vdcl 
|lc  =  2.0Adc.  VCE-3.0Vdc) 
(lc-4;0Adc.  VCE-30Vdcl 

nFE 

40 
20 
10 
5.0 

250 

Collector-Emitter  Saturation  Voltage 
dC  =  600  mAdc,  lB  =  50  mAdc) 
HC  =  10  Adc,  lB  =  100  mAdc) 
dC  =  2.0  Adc.  IB  -  200  mAdc) 
dC  =4.0  Adc.  IB  -  800  mAdc) 

VcE(sat) 

0.5 
1.0 
2.5 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  =  2.0  Adc.  IB  »  200  mAdc) 

vBEIsatl 

1.8 

Vdc 

n — ; — :  „  ,,  ,  

Base-Emitter  On  Voltage 

(lc  -  200  mAdc.  VCE  -  3.0  Vdc) 

vBE(on) 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

|lc  =  100  mAdc.  VCE  "  10  Vdc,  f  =  10  MHz) 
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Small-Signal  Current  Gain 
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10 
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FIGURE  3  -  TURN  ON  TIME 
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H6  »d  HC  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
0|  MUST  BE  FAST  RECOVERY  TYPE. eg 
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FOR  PNP  TEST  CSCUIT.  REVERSE  ALL  POLARITIES 
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BD789,  BD791  NPN 
BD790,  BD792  PNP 


0  05 


FIGURE  5     ACTIVE  REGION  SAFE  OPERATING  AREA 


0.2  0.4     0.6       I.Q  2.0 

IC.  COLLECTOR  CURRENT  (AMP) 


There  are  two  limitations  on  the  power  handling  ability  ol  j 
transistor:  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  Iq  Vet  hrrntsof  ,ne  transistor 
that  must  be  observed  (or  reliable  operation  i.e  ,  the  uansistc 
must  not  be  subletted  to  greater  dissipation  than  the  Curves  indicate 

The  data  of  F  igure  5  is  based  ori  T  Jlpk  (  =  150°C:  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  vain) 
for  duty  cycles  to  10%  provided  T  j ( pk  ,  <  150°C  Tj[pt()  may  be 
calculated  from  the  data  m  Figure  4.  At  high  case  temperatures 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
(SeeAN^tloA) 


FIGURE  7  -  CAPACITANCE 
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BD789,  BD791  NPN 
BD790,  BD792  PNP 
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FIGURE  8  -  DC  CURRENT  GAIN 
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lC.  COLLECTOR  CURRENT  (AMP) 
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FIGURE  10  -  TEMPERATURE  COEFFICIENTS 
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BD795  BD799 
BD797  BD801 


® 


MOTOROLA 


PLASTIC  HIGH  POWER 
SILICON  NPN  TRANSISTOR 

.  .  designed  for  use  up  to  30  Watt  audio  amplifiers  utilizing 
complementary  or  quasi  complementary  circuits. 

•  DC  Current  Gain— hpE  =  40  (Min)  <a  lc  =  1.0  Adc 

•  BD  795,  797,  799,  801  are  complementary  with  BD  796,  798. 
800,  802 


MAXIMUM  RATINGS 


8  AMPERE 
POWER  TRANSISTOR 

NPN  SILICON 

45,  60,  80,  100  VOLTS 
65  WATTS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector-Emitter  Voltage 

VCE0 

BD795 
BD797 
BD799 
BD801 

45 
60 
80 
100 

Vdc 

Collector- Base  Voltage 

VCB0 

BD795 
BD797 
BD799 
BD801 

45 

60 
80 
100 

Vdc 

Emitter- Base  Voltage 

v 

EBO 

5 

Vdc 

Collector  Current 

'c 

8 

Adc 

Base  Current 

'b 

3 

Adc 

Total  Device  Dissipation   T^,  =  25°C 
Derate  avove  25°C 

PD 

65 
522 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Ts.g 

—55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

9JC 

1.92 

°  c/w 

ELECTRICAL  CHARACTERISTICS  it      25-c  u-i»  c..i>e..lte  wmi 


Characteristic 



Symbol 

Type 

Min 

Max 

Unit 

Collector-Emitter  Sustaining  Voltage' 
(lc  =  0  1  Adc.  lB-0) 

(lc- 0.05  Adc,  lB-0) 

BVCE0" 

BD795 
BD797 
BD799 
BD801 

45 
60 
80 
100 

Vdc 

Collector  Cutoff  Current 
IVCB-   45  Vdc,  lE-0) 
(VCB-   60  Vdc.  lE-0) 
(VCB»   80  Vdc,  lE- 01 
(VCB"  100  Vdc.  IE  -0) 

'CBO 

BD795 
BD797 
BD799 
BD801 

0.1 
0.1 
0.1 
0.1 

mAdc 

Emitter  Cutoff  Current 
(VBf  '  5  0  Vdc.  L  =  0) 

'ebo 

1  0 

mAdc 

DC  current  Gain 
(lc-1  A.  VCE  =  2V) 
<IC=3A.  VCE  =  2V) 

hFE* 

BD  795/797 
BD  799/801 
BD  796/797 
BD  799/801 

40 

30 

25 
15 

Coliector-Emttter  Saturation  Voltage* 
(lc  =  3  Adc.  Ig  =0.3  Adc) 

VCE(sat) 

1  0 

Vdc 

Base  Emitter  On  Voltage' 
0c  =  3Adc.  V^  20  Vdc) 

VBE(on) 

1  6 

Vdc 

Current-Gain-Bandwidth  Product 
(lc=0.25Adc.  VCE  =  10Vdc,  t- 1.0  MHz) 

k 

3.0 

MHz 

1  Pulse  TesI    Pulse  W.dlh  S  300  us   Duly  Cycle  5  2.0° 


-  S 


J 
t_ 


"-ir1  -m— 


J  5 


—I  — —  R 

STYLE  I 

PIN  I  BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

lb  11 

lb  7b 

0  695 

0  620 

1 

9  n 

10  03 

0  385 

0  39b 

c 

4  06 

4  82 

0  160 

0  190 

0 

0  64 

089 

0  025 

0  03b 

F 

3  61 

3  73 

0  142 

0  147 

2  41 

2  6' 

0  095 

0  10b 

H 

2  n 

3  30 

0  110 

0  130 

J 

0  36 

0  56 

0014 

0  022 

K 

12  ;o 

14  27 

0  500 

0  b62 

L 

1  14 

1  27 

0045 

OObO 

B 

4  83 

b  33 

0  190 

0210  1 

2  54 

3  04 

0  100 

0  I20_| 

2  04 

2  79 

0  080 

0  110 

1,4 

1  39 

0  045 

0  055 

5  9  7 

6  48 

0  235 

0  2bb 

0 

0  76 

1  27 

0  0  <n 

OObO 

CASE  22 1A  02 
TO  220AB 
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BD795,  BD797,  BD799,  BD801 


FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


5  10  50  100 

Vrf.  COLLECTOR -EMIT  TER    VOLTAGE  (VOLTS) 


The  Safe  Operating  Area  Curves  indicate  \q— Vqe  limits  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure  To  insure  operation 
below  the  maximum  Tj,  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 
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BD796  BD800 
BD798  BD802 


® 


PLASTIC  HIGH  POWER 
SILICON  PNP  TRANSISTOR 

.  .  designed  for  use  up  to  30  Watt  audio  amplifiers  utilizing 
complementary  or  quasi  complementary  circuits 

•  DC  Current  Gain — hpE  =  40  (Mm)  @  lc  =  1.0  Adc 

•  BD  796.  798.  800,  802  are  complementary  with  BD  795.  797, 
799.  801 


MAXIMUM  RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector  Emitter  Voltage 

VCEO 

BD796 
BD798 
BD800 
BD802 

45 
60 
80 
100 

Vdc 

Collector- Base  Voltage 

VCB0 

BD796 
BD798 
BD800 
BD802 

45 
60 
80 
100 

Vdc 

Emitter- Base  Voltage 

V 

EBO 

5 

Vdc 

Collector  Current 

'c 

8 

Adc 

Base  Current 

'b 

3 

Adc 

Total  Device  Dissipation  TC  =  25°C 

PD 

65 

Watts 

Derate  wove  25°C 

522 

mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Ts,g 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

9JC 

1.92 

°  c/w 

ELECTRICAL  CHARACTERISTICS  IT    -  25-C  unltss  oir>e..,s*  nuiadl 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter  Sustaining  Voltage* 
("c  =  0  1  Adc.  lB-0) 

(lc"  0.05  Adc.  IB=  0) 

BVCE0' 

BD796 
BD798 
BD8O0 
BD802 

45 
60 
80 
100 

Vdc 

Collector  Cutoff  Current 
<VCB"   45  Vdc,  lE  "01 
(VCB-  60  Vdc.  IE-0I 
(VCB-   80  Vdc.  l£»-0) 
IVCB-"  100  Vdc.  lE-0) 

'CBO 

BD796 
BD798 
BD800 
BD802 

0.1 
0.1 
0.1 
0.1 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5  0  Vdc.  Ic  =  0) 

'ebo 

1  0 

mAdc 

DC  current  Gam 
dc=1  A.  VCE  =  2V) 
(lc  =  3A.  VC£  =  2V) 

■v 

BD  796/798 
BD  800/802 
BD  796(788 
BD  800/802 

40 

30 

25 
15 

Collector- Emitter  Saturation  Voltage* 
(lc  =  3Adc.  IB=03  Adc) 

V 

CE(sat) 

1  0 

Vdc 

Base- Emitter  On  Voltage' 
(^=■3  Adc.  V     =20  Vdc) 

VBE(on) 

1  6 

Vdc 

Current -Gam -Bandwidth'  Product 
(lc=0.25Adc,  Vc£=10Vdc.  (M  OMHt) 

*T 

3.0 

MHz 

PulK  Ttst   Pulse  Width  S  JO0  us  Duty  Cycle  S  2  0% 

8  AMPERE 
POWER  TRANSISTOR 

PNP  SILICON 

45,  60.  80,  100  VOLTS 
65  WATTS 


T 


r 


—  R 

-  J 

STYLE  1 

PIN  I  BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15  75 

0  595 

0  620 

1) 

9  78 

1003 

0  385 

0  395 

c 

4  06 

4.82 

0  160 

0  190  1 

0 

0  64 

0.89 

0  025 

0  036  j 

F 

361 

3.73 

0  142 

0  147 

G 

241 

u  2  67 

0.095 

0  105 

H 

2  79 

3  30 

0.110 

0.130 

J 

0  36 

0.56 

0014 

0  022 

K 

12  70 

14.27 

0  500 

0  562 

I 

1  14 

1.27 

0.045 

0  050 

N 

4  83 

,5.33 

0  190 

0210 

a 

254 

3  04 

0  100  :  0  120 

R 

2  04  ,   2  79 

0  080  ,  0  110 

s 

1.14  ■    1  39 

0.045  ,  0  055 

T 

5  97  6.48 

0  235  0.255 

u 

0  76  |    1  27 

0  030  !  0  050 

CASE  221A02 
TO  220AB 
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BD796,  BD798,  BD800,  BD802 

FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


5         10  SO  100 

»cl.  coiiicron-minn  von»6i  (volts) 


The  Safe  Operating  Area  Curves  indicate  lc-vCE  limits  below 
whrch  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power- temperature  derating  must  be  ob- 
for  bo.h  ,tMdy  „,,.  .no  pu,»  pow.r  cond,«,on, 
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FIGURE  5—  THERMAL  RESPONSE 
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BD805 
BD807 
BD809 


® 


PLASTIC  HIGH  POWER 
SILICON  NPN  TRANSISTOR 

.  .  .  designed  for  use  in  high  power  audio  amplifiers  utilizing 
complementary  or  quasi  complementary  circuits. 

•  DC  Current— hFE=  30  (Min)  <a  lc=2.0  Adc 

•  BD  805.  807.  809  are  complementary  with  BD  806.  808.  810 


■  

MAXIMUM  RATINGS 

Rating 

Symbol 

Type 

Value 

Unit 

Collector- Emitter  Voltage 

vceo 

130605 
BD807 
BD809 

45 

60 

so 

Vdc 

Collector  Base  Voltage 

v 

CBO 

BDBOS 
BD807 
BD808 

56 
70 
SO 

Vdc 

Emitter-Base  Voltage 

v 

EBO 

5 

Vdc 

Collector  Current 

'c 

10  0 

Adc 

Base  Current 

'b 

60 

Adc 

Total  Device  Dissipation   T^  =  25°C 
Derate  above  25°C 

PD 

90 
720 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

T  ,  T 

J.  stg 

—55  10  *  150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Mai 

Unit 

Thermal  Resistance.  Junction  to  Case 

flJC 

1  39 

•  CAN 

ELECTRICAL  CHARACTERISTICS  it      75  c  u«n=  oih«.,»,s»  ooivdi 
c 

Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector -Emitter  Sustaining  Voltage* 
(lc  =  0  2  Adc.  I8  =  0) 

BVCE0" 

BD806 
BD807 
BD809 

45 
60 
80 

Vdc 

Collector  Cutoff  Current 
(VCB«  55  Vdc.  lE-0) 
(VCB-70  Vdc,  lE-0) 
(VCB-80  Vdc.  lE-0) 

'CBO 

BD805 
BD807 
BD809 

1.0 
1.0 
1.0 

mAdc 

Emitter  Cutoff  Current 
(VgE  =  5  0  Vdc.  Ic  =  0) 

'ebo 

2  0 

mAdc 

DC  current  Gain 

(1     -  2A.  V      -  2  V) 
<£  =  4A.  V«  =  2V) 

hFE" 

30 
15 

Collector  Emitter  Saturation  Voltage* 
(lc  =  4Adc.     Ig  -  0  4  Adc) 

V 

CE(sat) 

1.1 

Vdc 

Base  Emitter  On  Voltage' 
dc  =  4  Adc     VCE  -  2  0  Vdc) 

VBE(on)' 

1.6 

Vdc 

Current  Gam-Bandwidth  Product 
0C  =  10  Adc.  V      =  10  Vdc.  f  =  1  0  MHz) 

't 

I 

|15 



MHz 

Pulse  Tcsl    Pulse  Widlh  <  .100  us   Duty  Cycle  %  2  0°, 


10  AMPERE 
POWER  TRANSISTOR 

NPN  SILICON 

45.  60.  80  VOLTS 
90  WATTS 


Lb 


K 

.i .  V- 


srviE  i 

PIN  I 

2 
3 


-ID  - 


—  R 


BASE 

COLLECTOR 

EMITTER 

COLLECTOR 


,4U 

N 


o 

T 


-I   \~  G 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

is  n 

lb  75 

0  595 

0  620 

B 

C 

9  n 

'  4  06 

[  10  03 

0  385 

0  395 

4  82 

0  160 

0  190 

0 

0  64 

0.89 

0  025 

0  035 

F 

361 

3  73 

0  142 

0  147 

G 

241 

2.67 

0  095 

0  105 

_«._ 

2  19 
036 

3  30 
0  56 

o  no 

0014 

0  130 

0  022 

K 

12  n 

14.27 

0  600 

0  562 

1  14 

1  27 

0  045 

0  050 

ii 

4  83 

5  33 

0  190 

0210 

?  54 

3  04 

0  100 

(1  120 

R 

2  04 

2  79 

0  08T1 

0  110 

S 

1  14 

1  39 

0  045 

0  055 

59; 

6  48 

0  235  '  0  255 

*1 

0  76 

1  27 

0  030     0  050 

CASE  221A  02 
TO  220AB 
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BD805,  BD807,  BD809 


FIGURE  1      ACTIVE  REGION  DC 
SAFE  OPERATING  AREA 


FIGURE  2   -  POWER-TEMPERATURE 
DERATING  CURVE 


3  10  30 

COLLECTOR  -EMITTER  VOLTAGE  I  VOLTS 


125         ISO  175 
TC.  CASE  TEMPERATURE  l»CI 


FIGURE  3-  "ON"  VOLTAGES 


FIGURE  4      CURRENT  GAIN 
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FIGURE  5— THERMAL  RESPONSE 
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Note  1: 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor,  average  lunction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  Iq  -  V^g  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  i  t  ,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate 


The  data  of  Figure  1  is  based  on  Tj(p|<)  =  150°C.  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk|  £150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can  be 
handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown.    (See  AN-4151 
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BD806 

BD808  BD810 


® 





PLASTIC  HIGH  POWER 
SILICON  PNP  TRANSISTOR 

designed  for  use  in  high  power  audio  amplifiers  utilizing 
complementary  or  quasi  complementary  circuits. 

•  DC  Current— hF[:  =  30  (Min)  @  !<.  =  2  0  Adc 

•  BD  806.  808,  810  are  complementary  with  BD 


10  AMPERE 
POWER  TRANSISTOR 

PNP  SILICON 

45.  60,  80  VOLTS 
90  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector.  Emitter  Voltage 

VCEO 

BD808 
BD808 
BD810 

45 
60 
80 

Vdc 

Collector-Base  Voltage 

v 

CBO 

BD806 
BD808 
BD810 

55 
70 
80 

Vdc 

Emitter- Base  Voltage 

VEB0 

5 

Vdc 

Collector  Current 

'c 

10:0 

Adc 

Base  Current 

'b 

6.0 

Adc 

Total  Device  Dissipation  TC*25°C 
Derate  above  25°C 

PD 

90 

720 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.V 

-55  to  +150 

°c 

THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance.  Junction  to  Case  0 


Symbol 


JC 


1  39 


Unit 


c/w 


ELECTRICAL  CHARACTERISTICS  n   ^s-c  .«e«  «n.»..<  noudi 


Characteristic 

Symbol 

Type 

Min 

Mart 

Unit 

Collector- Emitter  Sustaining  Voltage* 
(lc  =  0  2  Adc.  IB=0) 

BVCE0" 

BD808 
BD808 
BD810 

45 

60 
80 

Vdc 

Collector  Cutoff  Current 
(VCB-55  Vdc.  lE-0) 
(VCB  -  70  Vdc.  IE  -  0) 
(VCB-80  Vdc.  lE-0) 

'CBO 

BD806 

Boaoe 

BD810 

6  6  6 

mAdc 

Emitter  Cutoff  Current 
(VB£  =  5  0  Vdc.  Ic  -  0) 

'ebo 

2  0 

mAdc 

DC  current  Gain 

(l_  =  2A.  V      =  2  V) 

!'q  =  4A-  vce  "  2  V) 

30 
15 

Collector-Emitter  Saturation  Voltage' 
dc  =  4Adc.     lB  =  04Adc) 

VCE(sat)' 

1.1 

Vdc 

Base- Emitter  On  Voltage' 
dc  =  4Adc.     Vc£  =  20Vdc) 

V 

BE(on) 

16 

Vdc 

Current  Gain- Bandwidth  Product 
(lc-1  OAdc.  VCE  =  10Vdc.  f=1  OMHl) 

s 

1.5 

MHi 

 ' 

-  s 

C 

-  B 

t 

r 

T 

Lu  J 

f-^  - 

0 

 0 

A 

1 
1 

J 

1    2  3 

r 

— iDr— 

I 

1 
1 

u 

4 

t 

1 

I 

1 

J 

SfCT  A  A 

t_ 

l 

- —  R 

—  L 

Uj 

D  — 

u 

-  G 

STYLE  1 

PIN  1  BASE 

2  COLLECTOR 

N 

)  EMITTER 

COLLECTOR 

MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

15  II 

15  75 

0  596 

0  620 

8 

9  78 

1003 

0  385 

0  395 

C 

4  06 

4  82 

0  160 

0  190 

D 

0E4 

0.89 

0  025 

0  035 

f 

361 

3  73 

0  142 

0  147 

G 

241 

2.6? 

0  095 

0  105 

H 

2  ?9 

3  30 

0  110 

0  130 

J 

0.36 

056 

0.014 

0O22 

K 

12  70 

142? 

0  500 

0  562 

I 

I  14 

1  2? 

0  045 

0  050 

N 

4  83 

5  33 

0  190 

0  210 

0 

1  54 

3  04 

0  100 

0  120 

R 

2  U4 

2  79 

0  080 

0. 1 10  i 

oosTI 

1 

1  14 

1  39 

0  045 

T 

59; 

6  48 

0  735 

0  255 

u 

0  (6 

12? 

0  030 

0  050 

CASS  221A  02 

TO  220 AB 
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BD806,  BD808,  BD810 


FIGURE  1      ACTIVE  REGION  DC 
SAFE  OPERATING  AREA 


FIGURE  2  —  POWER-TEMPERATURE 
DERATING  CURVE 


FIGURE  3 


R  VOLTAGE 
'  ON  "  VOLTAGES 
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(  VOLTS  I 
See  Note  1 
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FIGURE  4      CURRENT  GAIN 
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FIGURE  5  — THERMAL  RESPONSE 
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Nate  1: 

There  ere  two  limitations  on  the  power  handling  ability  of  a 
transistor,  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq  Vqe  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  i.e.,  the  transistor  must 
not  be  subiected  to  greater  dissipation  than  the  curves  indicate 


The  data  of  Figure  1  is  based  on  Tj(pj(|  =  150°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p(t)  ^150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can  be 
handled  to  values  less  than  the  limitations  imposed  by  ! 
breakdown.    (See  AN-4151 


second 
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BD895 

BD895A  BD899 

BD897  BD899A 

BD897A  BD901 


® 


MOTOROLA 


PLASTIC  POWER  SILICON  NPN  DARLINGTONS 

...  for  use  as  output  devices  in  complementary  general-purpose 
amplifier  applications. 

•  Hign  DC  Current  Gain  - 

hpE  =  750  (Min)  @  lc  =  3.0  and  4.0  Adc 

•  Monolithic  Construction 

•  BD895,  895A,  897,  897 A,  899,  899A,  901  are  complementary 
with  BD896,  896A,  898,  898A,  900,  900A,  902. 

•  Electrical  equivalents  to  BD695A,  697,  697 A,  699,  699A,  701. 


MAXIMUM  RATINGS 


Rating 

Symbol 

BD89S 
BD895A 

BD897 
BD897A 

BD899 
BD899A 

BD901 

Unit 

Collector-Emitter  Voltage 

vCEO 

45 

60 

80 

100 

Vdc 

Collector-Base  Voltage 

VCB 

45 

60 

80 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current 

ic 

8.0 

Adc 

Base  Current 

IB 

0.1 

Adc 

Total  Device  Dissipation 
@TC  =  25  °C 
Derate  above  25  °C 

PD 

70 
0.56 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

0|C 

1.79 

°c/w 

FIGURE  1  -  POWER  TEMPERATURE  DERATING  CURVE 

?D  POWER  DISSIPATION  IWATTSI 

0        20       40       60       80      100      120      140      160      180  200 
TC  CASE  TEMPERATURE  CC1 

DARLINGTON 

8  AMPERE 
NPN  SILICON 
POWER  TRANSISTORS 


45-60-80  100  VOLTS 
70  WATTS 





U=J 


STYLE  1: 

PIN  1.  BASE 

2.  COLLECTOR 

3  EMITTER 

4.  COLLECTOR 


—  B- 

1 

l    2  3 

 Q 

H 

II 

4 

l<-  L 
-  G 

JU 

MILLIMETERS 

INCHES 

DM) 

MIN 

MAX 

MIN 

MAX 

A 

15  11 

15.75 

0.595 

0.620 

8 

S  78 

1003 

0.385 

0.395 

C 

4  06 

4.82 

0.160 

0.190 

D 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3  73 

0.142 

0.147 

G 

2.41 

2  6/ 

TT095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1  14 

r  1.27 

0.045 

0.050 

N 

4  83 

533 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

t 

0  76 

1.27 

0.03') 

0  050 

CASE  221A-02 
TO-220AB 
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BD895,  BD895A,  BD897,  BD897A,  BD899,  BD899A,  BD901 


ELECTRICAL  CHARACTERISTICS  (TC  s  25  °C  unless  otherwise  noted) 

Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage1                  BD895,  895A 
( I C  =  1 00  m  Adc,  I B  =  0)                                 BD897,  897 A 

B0899.  899A 
BD901 

BVCE0 

45 
60 
80 
100 

Vdc 

Collector  Cutoff  Current 

( VCE  =  Half  Rated  VCE0,  lB  '  0) 

'CEO 

500 

MAdc 

Collector  Cutoff  Current 

(VCB  =  Rated  BVCEO.  IE  =  0) 

(VCB  =  Rated  B VCE0.  IE  =  0,  Tc  =  100  °C) 

'CBO 

0.2 
2.0 

mAdc 

Emitter  Cutoff  Current 
(VBE=5.0  Vdc,  lC  =  0l 

lEB0 

- 

2.0 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain1 

(lC  ■  3.0  Adc,  VCE  =  3.0  Vdcl                        BD895,  897,  899,  901 

"FE 

750 

(lc  =  4.0  Adc,  VCE  »  3.0  Vdc)                         BD895A,  897 A,  899A 

750 

Collector-Emitter  Saturation  Voltage 

( I  c  =  3.0  Adc,  I B  =  1 2  mAdcl                          8D895,  897,  899,  901 
llC  =  4  0  Adc,  lB  ■  16  mAdcl                          BD895A,  897 A,  899A 

vCE(sat) 

2.5 
2.8 

Vdc 

Base-Emitter  On  Voltage1 

<IC  =  3.0  Adc,  VCE  =  3.0  Vdc)                        BD895,  897,  899,  901 
(I C  =  4.0  Adc,  VCE  =  3.0  Vdc)                         BD895A,  897 A,  899A 

vBE(on) 

2.5 
2S 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

(lC  =  3.0  Adc,  VCE  =  3.0  Vdc,  f  =  1 .0  MHz) 

hfe 

1.0 

1  Pulse  Test:  Pulse  Width  <  300;*,  Duty  Cycle  <  2.0%. 

There  are  two  limitations  on  the  power  handling  ability  of  a  not  be  subjected  to  greater  dissipation  than  the  curves  indicate, 

transistor:  junction  temperature  and  secondary  breakdown.  Safe  At  high  case  temperatures,  thermal  limitations  will  reduce  the 

operating  area  curves  indicate  Iq-VcE  limits  of  the  transistor  that  power  that  can  be  handled  to  values  less  than  the  limitations 

must  be  observed  for  reliable  operation;  e.g.,  the  transistor  must  imposed  by  secondary  breakdown  (see  AN-415). 


FIGURE  2  —  DC  SAFE  OPERATING  AREA  FIGURE  3  -  DARLINGTON  CIRCUIT  SCHEMATIC 
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BD896  BD898  BD900 
896A    898A    900A  BD902  (g) 


PLASTIC  MEDIUM-POWER 
PNP  TRANSISTORS 


.  .  .  for  use  as  output  devices  in  complementary  general  purpose  amp- 
lifier applications. 

•  High  DC  Current  Gam  - 

hFE  ■  750  (Mini  <3>  lc  =  3  0  and  4  0  Adc 

•  Monolithic  Construction 

•  BD896A.  898,  898A,  900,  900A,  902  are  complementary  with 
BD895A,  897,  897A,  899,  899A,  901 

•  Electrical  equivalents  to  BD696A,  698.  698A.  700,  700A,  702 





DARLINGTON 
8  AMPERE 
SILICON 
POWER  TRANSISTORS 

45-60-80-100  VOLTS 
70  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

BMM 
BD696A 

BOS96 
BDS96A 

BD900 
BD900A 

BDS02 

Unit 

Collector-Emitter  Voltage 

vCEO 

45 

60 

80 

100 

- 

Vdc 

Collector  Base  Voltage 

VCB 

45 

60 

80 

100 

Vdc 

Emitter  Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current 

'C 

a.u 

Adc 

Base  Current 

'a 

0  1 

Adc 



Total  Oevice  Dissipation  <a  Tc  =  26°C 
Derate  above  25°C 

Pd 

70 
0  56 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperatinq  Range 

Tj.  Tstg 

-55  to  •  150 

°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

»JC 

1  79 

°C/W 

FIGURE  1  -  POWER  TEMPERATURE  DERATING  CU 

RVE 

m 

5  60 

2 

1  b0 

I  30 
1  70 
,0 
0 

X 

0          ?0         40         60         80         100        170        140  160 
TC  CASE  TEMPERATURE 

— s 
r  c 


v  ■ 


STYLE  I 

PIN  I  BASE 

2  COLLECTOR 

3  EMITTER 

4.  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

M1N 

MAX 

MIN 

MAX 

A 

IS  11 

1575 

0.595 

0.620 

1 

"978 

roov 

0  385 

0  395 

_cl 

4  06 

4  82 

0  160 

0.190 

0 

064 

089 

0025 

0  035 

F 

3.61 

373 

0  142 

0.147 

G 

2.41 

2.67 

0  095 

0  105 

H 

2  79  " 

330 

0  110 

0  130 

J 

|  0.36 

056 

0.014 

!_0  022 

K 

TFlO  ' 

14  27 

[0.500 

0  562 

L 

'  114" 

127 

0  045 

0  050 

N 

4  83  " 

5.33" 

0  190 

0.210 

0 

2.54 

3  04 

0  100 

0.120 

t R 

2  04 

2.79 

0.080 

0  110 

s 

1  14 

1  39 

0045 

0  055 

T 

5  97 

648 

tJK 
0030 

0256 

1.27" 

CASE  221A  02 
TO-220AB 


BD896,  896A,  BD898,  898A,  BD900,  900A,  BD902 


ELECTRICAL  CHARACTERISTICS  (Tc    25°C  unless  otherwise  noted  I 


OF  F  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage'" 
llc  -  100  mAdc.  IB  =  01 

BD896,  SI 
BD898,  1! 
BD900,  « 
BD902 

m 

OA 

BVCEO 

45 

60 
80 
100 

Vdc 

Collector  Cutoff  Current 

(VCE-H.lf  Rated  VCEO.lB-0l 

'CEO 

500 

uAdc 

Collector  Cutoff  Current 

IVCB  =  Rated  BVCEO,  IE  =  0) 

(VCB  =  Rated  BVCE0.  IE  -  0.  Tc  -  100°CI 

'CBO 

- 

0.2 
2.0 

mAdc 

Emitter  Cutoff  Current 
IVBE  =  5  0  Vdc,  lC  "  01 

'EBO 

- 

20 

mAdc 

ON  CHARACTERISTICS 


DC  Current  Gain'  '1 

IIC  -  3.0  Adc.  VCE  =30  Vdc)                              BD896.  898,  900,  902 
llc  -  4  0  Adc.  VCE  =  3.0  Vdcl                              BD896A,  898A.  900A 

nFE 

750 
750 

Collector-Emitter  Saturation  Voltage 

llC  =  3  0  Adc,  lB  -  12  mAdcl                               BD89S,  898,  900,  902 

vCE(sat) 

2.5 

Vdc 

llc  "  4  0  Adc.  IB  -  16  mAdcl                                  BD896A,  898A,  9O0A 

2.8 

Base-Emitter  On  Voltage1 11 

llc  -  3.0  Adc.  VCE  =  3.0  Vdc)                             B0896,  898,  900,  902 
llc  -  4  0  Adc,  VC£  "  3  0  Vdc)                             BD896A,  898A,  900A 

vBE(on) 

25 
25 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

dC  ■  3  0  Adc,  VCE  "  3  0  Vdc.  f  -  10  MHz) 


1  0 


N*PuM*  Tut:    PulM  Width  <  300  Ms.  Duly  Cycla  <  2  0%. 

FIGURE  2 


DC  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  pow.er  handling  ability  of  a 
transistor  junction  temperature  and  secondary  breakdown.  Safe 
operating  area  curves  indicate  lc~vCE  ,im,ts  °f  the  transistor  that 
must  be  observed  for  reliable  operation,  e.g.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than  the  limitations 
imposed  by  secondary  breakdown.  (See  AN-415) 


FIGURE  3      DARLINGTON  CIRCUIT  SCHEMATIC 
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NPN  PIMP 

BDV65  BDV64 

BDV65A  BDV64A 

BDV65B  BDV64B 

BDV65C  BDV64C 


MOTOROLA 


COMPLEMENTARY  SILICON  PLASTIC 
POWER  DARLINGTONS 

.  for  use  as  output  devices  in  complementary  general  purpose 
amplifier  applications. 

High  DC  Current  Gain 
HFE  =  1000  (min.)  @5  Adc 

Monolithic  Construction  with  Built-in 
Base  Emitter  Shunt  Resistors 


DARLINGTONS 
10  AMPERES 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60-80-100-120  VOLTS 
125  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

BDV  65 
BDV  64 

BDV  65A 
BDV  64A 

BDV  65B 
BDV  64B 

BDV  65C 
BDV  64C 

Unit 

Collector-Emitter  Voltage 

VCEO 

60 

80 

100 

120 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

100 

120 

Vdc 

Emitter-Base  Voltage 

VEB 

 5-  , 

Vdc 

Collector  Current 

-  Continuous 

-  Peak 

ic 

10 

20 

Adc 

Base  Current 

le 

0.5 

Adc 

Total  Device  Dissipation 
@  Tc  -  25°C 
Derate  above  25X 

PO 

125 
1 

Wans 
W/C 

Operating  and  Storage 
Junction 

Temperature  Range 

Tj. 
Tsig 

-65  to  +  150 

•c 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

0JC 

1 

°C/W 

FIGURE  1  -  POWER  DERATING 


50  75  100  125  150 

Tc.  CASE  TEMPERATURE  CO 


Hi— 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20  32 

21.08 

0.900 

0.830 

B 

15.49 

15.90 

0.610 

0  626 

C 

4.19 

5  08 

0.165 

0.200 

0 

1.02 

1.65 

0.040 

0065 

E 

1.35 

1.65 

0.053 

0.065 

G 

521 

S.72 

0.205 

1}  225 

H 

241 

3.20 

0.095 

0  126 

J 

038 

064 

0015 

0025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.98 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0  500 

0 

4.04 

4.22 

0.159 

0.166 

CASE  340-01 

(TO-218AC) 
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NPN-BDV65A,  B,  C 
PNP-BDV64A,  B,  C 


ELECTRICAL  CHARACTERISTICS 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 

VcE0  (sus) 

Vdc 

(lc  =  30mAdc.  IB  =  0I 

BDV65  -BDV64 
BDV65A-BDV64A 
BDV65B-BDV64B 
BDV65C-BDV64C 

60 
80 
100 
120 

Collector  Cutoff  Current 

ICEO 

mAdc 

(VCE  =  30Vdc,  lB  =  0) 
(VCE  =  40Vdc,lB  =  0) 
(VCE  =  50Vdc,  lB  =  0) 
(VCE  =  60  Vdc.  IB  =  0) 

BDV65  -BDV64 
BDV65A-BDV64A 
BDV65B-BDV64B 
BDV65C-BDV64C 

1 
1 
1 
1 

Collector  Cutoff  Current 

IcBO 

mAdc 

(VCB  =  60  Vdc.  IE  =  0) 
(VCB  =  80  Vdc,  lE  =  0) 
(VCB  =  100  Vdc,  lE  =  0) 
(VCB=  120  Vdc,  lE  =  0) 

BDV65  -BDV64 
BDV65A-BDV64A 
BDV65B-BDV64B 
BDV65C-BDV64C 

.4 
.4 
.4 
.4 

Collector  Cutoff  Current 

IcBO 

mAdc 

(VCB  =  30  Vdc,  lE  =  0,  Tc  =  150X) 
(Vcb  =  40  Vdc,  lE  =  0,  Tc  =  150X) 
(VCB  =  50  Vdc,  lE  =  0,  Tc  =  150X) 
(VCB  =  60  Vdc,  lE  =  0,TC  =  150X) 

BDV65  -BDV64 
BDV65A-BDV64A 
BDV65B-BDV64B 
BDV65C-BDV64C 

2 
2 
2 
2 

Emitter  Cutoff  Current 

Iebo 

5 

mAdc 

(VBE  =  5  Vdc,  lc  =  0) 

ON  CHARACTERISTICS 

DC  Current  Gain 

(lc  =  5  Adc,  VCE  =  4  Vdc) 

HFE 

1000 

Collector-Emitter  Saturation  Voltage 

VcE  {sail 

2 

Vdc 

lie  =  5  Adc,  lB  =  0.02  Adc) 

Base-Emitter  Saturation  Voltage 

VBE  (on) 

2.5 

Vdc 

(lc  =  5  Adc,  VCE  =  4  Vdc) 
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BDV65,  BDV65A,  BDV65B  NPN 
BDV64,  BDV64A,  BDV64B  PNP 


FIGURE  6  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


BOV65.  BDV64 
BDV65A,  BDV64A 
BDV65B.  BDV648 
BDV65C,  BDV64C 
Linear  extrapolation 


There  are  two  limitaiions  on  the  power  handling  ability  of  a 
transistor  average  junction  temperature  and  second  break 
down  Safe  operating  area  curves  indicate  lc  VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e..  the  transistor  must  not  be  subjected  to  greater  dissipa 
tion  than  the  curves  indicate. 

The  data  of  figure  6  is  based  on  Tj(pk)  150°C,  Tc  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits 
are  valid  for  duty  cyqles  to  10°/o  provided  Tj(pk)  <  150°C. 
Tj|pk)  may  b«  calculated  from  the  data  in  figure  7.  At  high 
case  temperatures,  thermal  limitations  will  reduce  the  power 
that  can  he  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown  (See  AN  415A) 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VI 
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BDV65,  BDV65A,  BDV65B  NPN 
BDV64,  BDV64A,  BDV64B  PNP 
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NPN 

BDW39 
BDW40 
BDW41 
BDW42 
BDW43 


PNP 

BDW44 
BDW45 
BDW46 
BDW47 
BDW48 


® 


DARLINGTON  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  general  purpose  and  low  speed  switching  applications. 

•  High  DC  Current  Gain  -  hFE  -  2500  Ityp.)  @  lc  =>  5.0  Adc. 

•  Collector  Emitter  Sustaining  Voltage  @  30  mAdc: 
vCEO(susl  =   45  Vdc  (min.)  -  BDW39/BDW44 

60  Vdc  (min.)  -  BDW40/BDW45 

80  Vdc  (min.)  -  BDW41/BDW46 
100  Vdc  (min.l  -  BDW42/BDW47 
120  Vdc  (min.)  -BDW43/BDW48 

•  Low  Collector  Emitter  Saturation  Voltage: 

VCE(sat)  =  2  0  Vdc  lmax>  9  'C  "  5.0  Adc 
3.0  Vdc  (max.)  @  Iq  =  10.0  Adc 

•  Monolithic  Construction  with  Built-in  Base  Emitter  Shunt  resistors 

•  TO-220AB  Compact  Package 

•  TO-66  Lead  form  also  available  ordered  with  "-66"  suffix. 


DARLINGTON 
15  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 
45-60-80-100-120  VOLTS 
85  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

BDW39 
B0W44 

BDW40 
BDW45 

BDW41 
B0W46 

BOW42 
BDW47 

BDW43 
BDW48 

Unit 

Collector-Emitter  Voltage 

VCEO 

45 

60 

80 

100 

120 

Vdc 

Collector-Base  Voltage 

VCB 

45 

60 

80 

100 

120 

Vdc 

Emitter-Base  Voltage 

vEB 

50 

Vd, 

Collector  Current  -  Continuous 

lc 

15 

Adc 

Base  Current 

In 

0.5 

Adc 

Total  Device  Dissipation 

@  Tc  -  25°C 
Derate  above  25  C 

PD 

85 
0.68 

Watts 
W/  C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  TSIg 

-  55  to  +  1 50 

"C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Uni'  1 

Thermal  Resistance.  Junction  to  Case 

Rhjc 

1.47 

C/W 

FIGURE  1  -  POWER  TEMPERATURE  DERATING  CURVE 

su 

80 

£  70 
< 

o 

2  50 

8  40 
Q 

5  30 

3 

o 

£  20 
o 

in 

0 

7b              50              75             100            125  150 
TC  CASE  TFMPERATURt  1  CI 

STYLE  1 

PIN  1  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

IS  75 

0.595 

0  620 

e 

9.78 

10.03 

0.385 

0  395 

c 

4.08 

482 

0.160 

0.190 

D 

0  64 

0.89 

0.025 

0.035 

F 

3  6! 

3  73 

0.142 

0  147 

G 

241 

2  6? 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

204 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.046 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

II 

0.76 

1.27 

0  030 

0  050 

CASE  221A-02 
TO-220AB 
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BDW39,  BDW40,  BDW41,  BDW42,  BDW43  NPN 
BDW44,  BDW45,  BDW46,  BDW47,  BDW48  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS 

Collector  Emitter  Sustaining  Voltage  1 

VcEO(sus) 

Vdc 

(lc  =  30  mAdc,  lB  =  0) 

BDW39/BDW44 
BDW40/BDW45 
BDW41/BDW46 
BDW42/BDW47 
BDW43/BDW48 

45 
60 
80 
100 
120 

Collector  Cutoff  Current 

ICEO 

mAdc 

(VCE  =  22.5  Vdc,  lB  =  0) 
(VCE  =  30   Vdc,lB  =  0) 
(VCE  =  40    Vdc,  lB  =  0) 
(VCE  =  50    Vdc,  lB  =  0) 
(VCE  =  60    Vdc,lB  =  0) 

BDW39/BDW44 
BDW40/BDW45 
BDW41/BDW46 
BDW42/BDW47 
BDW43/BDW48 

2 
2 
2 
2 
2 

Collector  Cutoff  Current 

IcBO 

mAdc 

(VCB=  45Vdc,lE  =  0) 
(VCB=   60Vdc,lE  =  0) 
(VCB=   80  Vdc,  lE  =  0) 
(VCB=100Vdc.lE  =  0) 
(VCB  =  120Vdc,  lE  =  0) 

BDW39/BDW44 
BDW40/BDW45 
BDW41/BDW46 
BDW42/BDW47 
BDW43/BDW48 

Emitter  Cutoff  Current 

'ebo 

mAdc 

(VBE  =  5.0  Vdc,  lc  =  0) 

2 

ON  CHARACTERISTICS1 

DC  Current  Gain 

hFE 

(lc  =   5  Adc,  VCE  =  4.0  Vdc) 
(lc  =  10  Adc,  VCE  =  4.0  Vdc) 
for  all  except  BDW43/48 
for  BDW  43/48 

1000 
250 

250 

Collector-Emitter  Saturation  Voltage 

VcE  (sal.l 

Vdc 

dc  =    5  Adc,  lB  =  10  mAdc) 
dc  =  10  Adc,  lB  =  50  mAdc) 

2 
3 

Base-Emitter  On  Voltage 

VBE  Ion] 

Vdc 

(lc  =  10  Adc,  VCE  =  4  Vdc) 

3 

SECOND  BREAKDOWN2 


Second  Breakdown  Collector 

•s/b 

Adc 

Current  with  Base  Forward  Biased 

BDW39/BDW40/BDW41/BDW42/BDW43 

{  vCE  = 

>  VCE  = 

28.4  Vdc 
40  Vdc 

3 

1.2 

BDW44/BDW45/BDW467BDW47/BDW48 

i  VCE  = 
L  VCE  = 

22. 

36 

i  Vdc 
Vdc 

3.8 
1.2 

DYNAMIC  CHARACTERISTICS 


Magnitude  of  common  emitter  small  signal  short  circuit 
current  transfer  ratio 

dc  =  3.0  Adc,  VCE  =  3.0  Vdc,  f  =  1.0  MHz) 

fr 

4.0 

MHz 

Output  capacitance 
(VCB  =  10  Vdc,  lE  =  0,  f  =  0.1  MHz) 

BDW39/B  DW40/8  DW41/BDW42/BDW43 
B  DW44/B  DW45/B  DW467B  DW47/BD  W48 

Cob 

200 
300 

PF 

Small  signal  current  gain 
lc  =  3.0  Adc,  VCE  =  3.0  Vdc,  f  =  1.0  kHz) 

hfe 

300 



Indicates  JEDEC  Registered  Data. 

1  Pulse  Test:  Pulse  Width  =  300  [is.  Duty  Cycle  =  2.0  %. 

2  Pulse  Test  non  repetitive:  Pulse  Width  =  250  ms. 
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BDW39,  BDW40,  BDW41,  BDW42,  BDW43  NPN 
BDW44,  BDW45,  BDW46,  BDW47,  BDW48  PNP 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 


fifl  &  «C  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
Oi.MUST  BE  FAST  RECOVERY  TYPES.**.. 

MBOS3O0  USED  ABOVE  ig  *  100  mA 

MS06100  USED  BELOW  IB'  100  mA 

«B 


FIGURE  3  -  SWITCHING  TIMES 


lor  Id  and  |f,  0)  il  rlisto  Diet  ltd 
Mtf  V  j  *  0 

For  NPN  tm  circuit  iMtm  ill  poijimes 


0  1 


0.5   0.7     1.0  2.0     3.0       5.0  7.0 

lC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  4  -  THERMAL  RESPONSE 


ACTIVE-REGION  SAFE  OPERATING  AREA 

FIGURE  5  -  BDW39  THRU  BDW43  FIGURE  6  -  BDW44  THRU  BDW48 


2.0  3.0     5.0  7.0  10  20     30  50 

Vce.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

There  are  two  limitations  on  the  power  handling  abilitv  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  VCE  limits  of  the 
transistor  that  must  be  observed  for  reliable  operation;  i.e..  the 
transisior  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate.  The  data  of  Fig.  5  and  6  is  based  on  TJ(Dki  = 


2  0  3.0     5.0  7.0  10  20      30       50  70 

VCe.  COLLECTOR  EMITTER  VOLTAGE  IV0LTSI 

200  °C;  Tq  is  variable  depending  on  conditions.  Second  break- 
down pulse,  limits  are  valid  for  duty  cycles  to  10%  provided 
TJ(pk)  ^  200  °C.  Tjjpkj  may  be  calculated  from  the  data  in 
Fig.  4.  At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  an  415). 


'Linear  extrapolation 
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BDW39,  BDW40,  BDW41,  BDW42,  BDW43  NPN 
BDW44,  BDW45,  BDW46,  BDW47,  BDW48  PNP 


BDW39,  40,  41,  42,  43  (NPN)  BDW44,  45,  46,  47,  48  (PNP) 


0.000 

i     1    1  1 

v: 

E  " 

3 

)  \ 
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Tj.l 

60° 

3000 

2000 

1 000 

soo 

300 
?nn 

s 

0.1          0.2     0.3       0.5    0  7     1.0          20     30       5  0    7  0  It 

FIGURE  9  —  DC  CURRENT  GAIN 
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IC.  COLLECTOR  CURRENT  IAMP) 


0.1  0.2     0.3       0  5    0.7    1,0  2.0     3.0       5  0    7.0  10 

IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  10  -  COLLECTOR  SATURATION  REGION 
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lg.  BASE  CURRENT  (mA) 
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1 

i  
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BDW39,  BDW40,  BDW41,  BDW42,  BDW43  NPN 
BDW44,  BDW45,  BDW46,  BDW47,  BDW48  PNP 


FIGURE  12  -  TEMPERATURE  COEFFICIENTS 


IC.  CO LLECTOR  CURRENT  IAMP)  'c-  COLLECTOR  CURRENT  (Al 


3-456 


BDW39,  BDW40,  BDW41,  BDW42,  BDW43  NPN 
BDW44,  BDW45,  BDW46,  BDW47,  BDW48  PIMP 


FIGURE  14  -  DARLINGTON  SCHEMATIC 


PNF 

BDW44 
BDW45 
BDW46 
BDW47 
B0W48 

BASE  o- 
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NPN 

BDX33 


PNP 

BDX34 


BDX33A  BDX34A 
BDX33B  BDX34B 
BDX33C  BDX34C 


® 


DARLINGTON  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 

.  .  .    designed    for    general    purpose    and    low    speed  switching 
applications. 

•  High  DC  Current  Gain  -  hpE  =  2500  (typ.)  at  lc  ■  4.0  Adc 

•  Collector  Emitter  sustaining  Voltage  at  100  mAdc 
VCEO(sus)  =  45  Vdc  (mm.)  -  BDX33,  34 

60  Vdc  (min.)  -  BDX33A.  34A 
80  Vdc  (min.)  -  BDX33B,  34B 
100  Vdc  (min.)  -  BDX33C,  34C 

•  Low  Collector  Emitter  Saturation  Voltage 

VCE(sat)  =  2.5  Vdc  (max.)  at  lc  =  4.0  Adc  -  80X33.  33A/34,  34A 

2.5  Vdc  (max.)  at  lC  =  3.0  Adc  -  BDX33B,  33C/34B,  34C 

•  Monolithic    Construction    with    Built-in    Base    Emitter  Shunt 
resistors 

•  TO-220AB  Compact  Package 

•  TO-66  Lead  form  also  available  ordered  with  "  66"  suffix. 


DARLINGTON 
10  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 
45  60-80-100  VOLTS 
70  Watts 


MAXIMUM  RATINGS 


Rating 

Symbol 

BDX33 
BDX34 

BDX33A 
BDX34A 

BDX33B 
BDX34B 

BDX33C 
BDX34C 

Unit 

Collector-Emitter  Voltage 

vCEO 

45 

60 

80 

100 

Vdc 

Collector-Base  Voltage 

VCB 

45 

60 

80 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  -  Continuous 
Peak 

'c 

10 
15 

Adc 

Base  Current 

'B 

0.25 

Adc 

Total  Device  Dissipation 
@TC  =  25°C 
Derate  above  25  °  C 

PD 

70 
0.56 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  +1 50 

•c 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rojc 

1.78 

°C/W 

80 

FIGURE  1  - 

POWER  DERATING 

60 

on  n 

a  I  PAT 

40 

m 

Q 
CC 

POWf 

H 

o 

0 

20        40         60        80        100        120       140  160 
TC  CASE  TEMPERATURE  CO 

STYLE  1 

PIN  I  8ASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

IS  11 

15.75 

0.595 

0  620 

9.78 

10.03 

0.385 

0  395 

4.08 

4.82 

0  160 

0.190 

0  64 

0.89 

0.025 

0  035 

3  61 

3.73 

0.142 

0.147 

2.41 

2.67 

0.095 

0.105 

2.79 

3  30 

0  110 

0  130 

0.36 

0.56 

0.014 

0  022 

12.70 

14.27 

0  500 

0  562 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

6.33 

0.190 

0.210 

0 

2.84 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0080 

0  110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0255 

u 

0  76 

1.27 

0.030 

0  050 

CASE  221A  02 
TO-220AB 
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BDX33,  BDX33A,  BDX33B,  BDX33C  NPN 
BDX34,  BDX34A,  BDX34B,  BDX34C  PNP 


ELECTRICAL  CHARACTERISTICS  (TC  -  25  °C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS 

 .  

Collector-Emitter  Sustaining  Voltage 
(lc  =  lOOmAdc,  lB  =  0)  BDX33/BDX34 

BDX33A/BDX34A 
BDX33B/BDX34B 
BDX33C/BDX34C 

vCEO(sus) 

45 
60 
80 
100 

Vdc 

Collector-Emitter  Sustaining  Voltage1 
llc  =  100  mAdc,  lB  «  0,  RgE  -  100)  BOX33/BDX34 

BDX33A/BDX34A 
BDX33B/BDX34B 
BDX33C/BDX34C 

VCER(sus) 

45 
60 
80 
100 

Vdc 

Collector-Emitter  Sustaining  Voltage1 
(IC=  100  mAdc,  lB  =  0,  VBE  -  1.5  Vdc)  BDX33/BDX34 

BDX33A/BDX34A 
BDX33B/BDX34B 
BDX33C/BDX34C 

Vdc 

vCEX(sus) 

45 

60 
80 
100 

Collector  Cutoff  Current 

<VCE  =  '/.  rated  VCE0.  'B  '  °>  TC=25°C 

TC=  100  C 

'CEO 



0.5 

mAdc 

10 

Collector  Cutoff  Current 
(VCB  =  rated  VCBO.lE  =  0)                           TC  =  25',C 

Tc»  100  C 

ICBO 

1 

5 

mAdc 

Emitter  Cutoff  Current 
IVBE  -  5.0  Vdc,  lc=  0) 

'EBO 

10 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain1 

(lc  -  4.0  Adc,  VCE  "  3.0  Vdc)                          BDX33,  33A/34,  34A 
(lc  «  3.0  Adc,  VCE  «  3.0  Vdcl                          BDX33B.  33C/34B,  34C 

hFE 

750 
750 

VcElsat) 

Collector-Emitter  Saturation  Voltage 

Vdc 

(lc  =  4.0  Adc.  IB  =  8  mAdc)                             BDX33,  33A/34,  34A 
IIC  =  3.0  Adc,  lB  =  6  mAdcl                             BDX33B,  33C/34B,  34C 

2.5 
2.5 

Base-Emitter  On  Voltage 
(IC  =  4.0  Adc,  VcE  =  3  V)                               BDX33,  33A/34,  34A 
llc  -  3.0  Adc,  VCE  =  3  Vdcl                            BDX33B,  33C/34B,  34C 

vBE(on| 

2.5 
2.5 

Vdc 



Diode  Forward  Voltage 

llC  ■  8  Adc) 

VF 

4 

Vdc 

SECOND  BREAKDOWN2 


Second  Breakdown  Collector  Current 
With  Base  Forward  Biased 

(VCE  =  25  Vdc)                                              BDX33  Series 
(VcE  =  20Vdc)                                              BDX34  Series 
(VCE  ■  36  Vdc)                                              BDX33  Series 
(VCE-33Vdc)                                              BDX34  Series 

'S/b 

2.8 
3.5 
1.0 
1.0 

Adc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 
ITC  -  1 .0  Adc,  VCE  -  5.0  Vdc,  f  =  1  MHz) 

hFE 

1000 

Current  Gain-Bandwidth  product 
(IC  =  1.0  Adc.  VcE  =  5.0  Vdc,  f  -  1.0  MHz) 

ti 

3 

MHz 

Output  Capacitance 

BDX33  Series 

IVCB=10Vdc.lE~0.f-0.1MHz,  BDX34Serie, 

Cpb 

200 
300 

pF 

1  Pulse  Test:  Pulse  Width  <;  300  us.  Duty  Cycle  <  2% 

2  Pulse  Test  non  repetitive:  Pulse  Width  -  0.25  s. 
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BDX33,  BDX33A,  BDX33B,  BDX33C  NPN 
BDX34,  BDX34A,  BDX34B,  BDX34C  PNP 


FIGURE  2  -  THERMAL  RESPONSE 


1  0  2.0    3  0      5  0 

I,  TIME  OR  PULSE  WIDTH  (msl 


FIGURE  3  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


2.0     3.0       5.0    7.0     10  20      30  50 

VCE  COLLECTOR  EMITTER  VOLTAGE  IVOLTS) 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq  -  Vcg  limits  of  the 
transistor  that  must  be  observed  for  reliable  operation,  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate.  The  data  of  Fig.  3  is  based  on  Tj(pk)  =  150°C; 


2.0     3.0       5.0   7.0     10  20      30  50 

VCE  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

Tc  is  variable  depending  on  conditions.  Second  breakdown  pulse 
limits  are  valid  for  duty  cycles  to  10%  provided  Tj(plt)  150°C 
Tj(pk)  maV  be  calculated  from  the  data  in  Fig.  .  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown  (see  AN-415A). 


FIGURE  4  -  SMALL-SIGNAL  CURRENT  GAIN 


FIGURE  5  -  CAPACITANCE 
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BDX33,  BDX33A,  BDX33B,  BDX33C  IMPN 
BDX34,  BDX34A,  BDX34B,  BDX34C  PNP 


NPIM 


BDX33,  33A,  33B,  33C 


PNP 

BDX34,  34A,  34B,  34C 


FIGURE  6  —  DC  CURRENT  GAIN 
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FIGURE  7  -  COLLECTOR  SATURATION  REGION 
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FIGURE  8  -  "ON"  VOLTAGES 

3.0 


0.1  0.2     0.3       0.5    0.7    1.0  2.0     3.0       5.0    7  0 

IC.  COLLECTOR  CURRENT  (AMP) 


01  0  2     0  3       0  5  0.7     10  2  0     3  0       5.0    7.0  10 

IC.  COLLECTOR  CURRENT  (AMP) 


3-461 


NPN  PNP 

BDX53  53B  BDX54  54B 
53A    53C    54A  54C 


® 


PLASTIC  MEDIUM-POWER 
COMPLEMENTARY  SILICON  TRANSISTORS 

.  .  .  designed  for  general-purpose  amplifier  and  low-speed  switching 
applications. 

•  High  DC  Current  Gain  - 

hpE  =  2500  (Typ)  @  lc  =  4.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  -  (3  100  mAdc 

VrmUiiU      =  45  Vdc  (Min)  —  BDX53,  54 

15  '  =  60  Vdc  (Min)  —  BDX53A,  54A 
=  80  Vdc  (Min)  —  BDX53B,  54B 
=  100  Vdc  (Min)  —  BDX53C,  54C 

•  Low  Collector  Emitter  Saturation  Voltage  - 

vCE(sat)   =  2.0  Vdc  (Max)  @  lc  =  3.0  Adc 
=  4.0  Vdc  (Max)  @  lc  =  5.0  Adc 

•  Monolithic  Construction  with  Built  In  Base-Emitter 

Shunt  Resistors 

•  TO-220AB  Compact  Package 


DARLINGTON 
8  AMPERE 


COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60-80-100  VOLTS 
65  WATTS 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector  Base  Voltage 


Emitter  Base  Voltage 


Collector  Current  Continuous 
Peak 


Base  Current 


Total  Device  Dissipation 
<a  TC  --  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


BDX53 
BDX54 


BDX53A 
BDX54A 


BDX53B 
BDX54B 


BDX53C 
B0X54C 


Adc 


Watts 

W/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R9JC 

2.08 

°C/W 

Thermal  Resistance.  Junction  to  Ambient 

R»JA 

70 

°c/w 

FIGURE  1  —  POWER  DERATING 


Ta  tc 

Ml 


£  1 1 


k\TC 

T, TEMPERATURE  l°C) 


irs 


r—  C 
T 


J 


—ID- 


!  II 


-  R 

JU 

STYLE  1 

PIN  1  BASE 

2.  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


D-I(C 
N 


MILLIMETERS 

INCHES 

DIM  MIN 

MAX 

MIN 

MAX 

A    is  n 

15  75 

0  595 

0  620 

"FT  9 '8 

'  1003" 

0  385 

0  395 

c 

4  06 

4  82 

0  160 

0  190 

0 

0  64 

089 

0025 

0  036 

! 

3  SI 

3  73 

0  142 

0  147 

6 

241 

267 

0.095 

0.105 

H 

2  79 

330 

0  no 

0.130 

J 

036 

0.56 

0014 

0  022 

K 

12  70 

14  27 

0  500 

0  562 

L 

1  14 

1.27 

0.045 

0.050 

N 

4  83 

5.33 

0.190 

0.210 

0 

2  54 

3.04 

0  100 

0  120 

2  04 

2.79 

0  080 

0  110 

1  14 

1  39 

0045 

0  055 

5  97 

648 

0  235 

0  255 

0  76 

127 

0  030 

0  050 

CASE  221A  02 
TO-220AB 


3-462 


BDX53,  53A,  53B,  53C  NPN 
BDX54,  54A,  54B,  54C  PNP 


ELECTRICAL  CHARACTERISTICS 

(Tc  -  25°C  unless  otherwise  noted) 

Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector  Emitter  Sustaining  Voltage  (1) 
(IC  .  100  mAdc.  IB  -  0) 

BDX53.  BDX54 
BDX53A,  BDX54A 
BDX53B.  BDX54B 
BDX53C.  BDX54C 

VCEO(sus) 

45 

60 
80 
100 

Vdc 

Collector  Cutoff  Current 
(VCE  =  22  Vdc.  IB  =  0) 
(VCE  =  30  Vdc,  IB  =  0) 
(VCE  =  40  Vdc,  IB  =  0) 
(VCE  =  50  Vdc.  IB  =  0) 

BDX53,  BDX54 
BDX53A,  BDX54A 
BDX53B,  BDX54B 
BDX53C.  BDX54C 

!CEO 

0.5 
0.5 
0.5 
0.5 

mAdc 

Collector  Cutoff  Current 
(VCB  =  45  Vdc.  IE  =  0) 
(VCB  =  60  Vdc,  IE  =  0) 
(VCB  =  80  Vdc.  IE  =  0) 
(VCB  =  100  Vdc,  IE  =  0) 



BDX53.  BDX54 
BDX53A,  BDX54A 
BDXS3B,  8DX54B 
BDX53C,  BDX54C 

ICBO 



0.2 

0.2 
0.2 
0.2 

mAdc 

Emitter  Cutoff  Current 
IVBe  -  5.0  Vdc.  IC  =0! 

lEBO 

2.0 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(Iq  '  3.0  Adc.  Vet:  -  3.0  Vdc) 

nFE 

750 

Collector-Emitter  Saturation  Voltage 
(lc  =  3.0  Adc,  1,  =  12  mAdc) 

vCE(sat) 
k— — — 

2.0 
4.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  3.0  Adc,  lc  =  12  mA) 

Vii 

2.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Smalt-Signal  Current  Gain 

llc  -  3  0  Adc.  VCE  -  4.0  Vdc.  f  -  1 .0  MHz) 

 1 

Ihfel 

4.0 

Output  Capacitance 

(VCB  *  10  Vdc,  lE  '  0,  f  -  0.1  MHz) 

BDX53,  53A.  53B,  53C 
BDX54,  54A.  54B.  54C 

C0b 

300 

200 

pF 

(1)  Pulse  Test    Pulse  Width  «  300  us.  Duty  Cycle  <  2%. 
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BDX53,  53A,  53B,  53C  NPN 
BDX54,  54A,  54B,  54C  PIMP 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  abilitv  of  a 
transistor  average  junction  temperature  and  second  breakdown 
Sale  operating  area  curves  indicate  \q  -  V^g  limns  of  the  tran 
sistor  that  must  be  observed  for  reliable  operation,  i  e  .  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  f  igure  5  is  based  on  Tj^)  -  150°C,  Jq  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjip^j  <  150°C  Tj(pj<)  may  be 
calculated  from  the  data  m  Figure  4  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
{see  AN-415A). 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 
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BDX53,  53A,  53B,  53C  NPN 
BDX54,  54A,  54B,  54C  PNP 


NPN  PNP 
BDX53,  BDX53A,  BDX538.  BDX53C  B0X54.  B0X64A,  BDX54B,  BDX54C 

FIGURE  8  —  DC  CURRENT  GAIN 


Sft  COLLECTOR  CURRENT  (AMPI  ,c.  COLLECTOR  CURRENT  (AMP) 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 
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FIGURE  10  -  "ON"  VOLTAGES 
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BDX53,  53A,  53B,  53C  NPN 
BDX54,  54A,  54B,  54C  PNP 


NPN 


PNP 


FIGURE  11  -  TEMPERATURE  COEFFICIENTS 
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FIGURE  12  -  COLLECTOR  CUT  OFF  REGION 
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FIGURE  13  -  DARLINGTON  SCHEMATIC 
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BF460 
BF461 
BF462 


® 


MOTOROLA 


> 

■ 

NPN  SILICON  ANNULAR* 
HIGH  VOLTAGE  AMPLIFIER  TRANSISTORS 

NPN  SILICON 
AMPLIFIER  TRANSISTORS 

.  .  .  designed  for  high-voltage  TV  video  and  chroma  output  circuits, 
high-voltage  linear  amplifiers,  and  high-voltage  transistor  regulators. 

•  High  Collector-Emitter  Breakdown  Voltage  — 

BVcEO  ■  350  Vdc  (Min)  @  lc  =  1  0  mAdc  -  BF462 

•  Low  Collector-Emitter  Saturation  Voltage  - 
VCE(sat)  ■  0.6  Vdc  (Max)  @  lC  ■  30  mAdc 

•  Low  Collector-Base  Capacitance  - 

Ccb  =  3.0  pF  (Max)  <§>  VCB  "  20  Vdc 

•  Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  @  Ta  =  25°C 

•  Complements  to  PNP  BF463/464/465 

MAXIMUM  RATINGS 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter  Base  Voltage 


Collector  Current  - 


Total  Power  Dissipation  S>  Tn  ■  25°C 
Derate  above  25°C 


Total  Power  Dissipation  @Tq  *  25°C 
Derate  above  25°C  


Operating  and  Storage  Junction 
Temperature  Range  


Solder  Temperature,  1/16"  from  Case 
for  10  Seconds  


Symbol 


VCEQ 


VCBO 


'EBP 


PD 


PD 


Tj.Tstg 


BF460      BF461  BF462 


350 


-  6.0  - 


-0.5- 
-  0.7- 


-2.0- 
-16  - 


-10 
-80 


-55  to +150- 


Watts 
mW/°C 


Watts 
mW7°C 


°C 


°C 


THERMAL  CHARACTERISTICS 


C  h  8  ni  ctor  ist  ic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Ambient 

R9JA 

62.5 

°C/W 

Thermal  Resistance,  Junction  to  Case 

R«JC 

12.5 

°c/w 

.  ;■  N "  c, 


StYlE  I 

PIN    1  EMITTER 

2  BASE 

3  COLLECTOR 

4  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21  84. 

22  35 

0  860 

0  880 

B 

9  91 

10.41 

0.390 

0410 

C 

•  39 

4.65 

0  113 

0  183 

0 

0  58 

0  74 

0  023 

0  029 

F 

3  56 

4  06 

0  140 

0  160 

C 

2.41  i  26J 

0  095 

0  105 

H 

1  70 

1.96 

0.061 

0077 

J 

0  48 

0.66 

0.019 

0026 

K 

1219 

12  95 

0490 

0510 

L 

1  65 

203 

0.065 

onto 

N 

9  91 

10  16 

0  390 

0400 

Q 

3  56 

3.81 

0.140 

0.1  so 

nwdUiJtKiii.'..  ■ 
wmmi Jiinnnii'  I 
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BF460,  BF461,  BF462 


ELECTRICAL  CHARACTERISTICS  (TA  ■  25°C  unless  otherwise  noted.)  

|  C  heater  ink  |       Symbol      |         Min        |         M.»        |  Unit  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltege 

(lc- 1.0  mAdc.  lB-0)  BF460 
BF461 
BF462 

BVCE0 

250 
300 
350 

Vdc 

Collector-Base  Breakdown  Voltage 

<IC-  lOOuAdc.  IE  •  01  BF460 
BF461 
BF462 

BVcbO 

250 
300 
350 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  -  lOOtiAdc,  lc-0) 

BVEB0 

6.0 

Vdc 

Collector  Cutoff  Current 

(VCB  =  150  Vdc.  IE  -  0)  BF460 
(VCB  -  200  Vdc.  IE  -  0)  BF461 
(VCB«.250Vdc,  lE-0)  BF462 

ICBO 

0.2 
0.2 
0.2 

uAdc 

Emitter  Cutoff  Current 
(VBE  "  5.0  Vdc,  lc»0) 



lEBO 

0.1 

MAdc 

ON  CHARACTERISTICS!!) 



DC  Current  Gain 

(IC  -  10  mAdc.  VCE  -  10  Vdc) 
(lc  -  30  mAdc.  VCE  -  10  Vdc) 

nFE 

25 
40 

180 

Collector-Emitter  Saturation  Voltage 
(lc  -  30  mAdc,  lB  =  3  0  mAdc) 
0c  -  50  mAdc.  Ib  -  5  mAdc) 

vCE(sat) 




0.6 
,5 

Vdc 



Base-Emitter  On  Voltage 

(lc  »  30  mAdc.  VCE  =  10  Vdc) 

VflElonl 

1.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(IC  =  10  mAdc.  VcE  *  20  Vdc.  f  -  20  MHz) 

*T 

45 

200 

MHz 

Common-Emitter  Reverse  Transfer  Capacitance 
IVCB  -  20  Vdc.  IE  ■  0,  f  =  1.0  MHz) 

Cre 

3.0 

pF 

1 1 )  Pulse  Test:  Pulse  Width  <;  300  us.  Duty  Cycle  <  2.0%. 


TYPICAL  CHARACTERISTICS 
FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown 
Sate  operating  area  curves  indicate  IC'VCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  1  is  based  on  Tj(pkj  =  150°C:  Trj  isvanabie 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj|pk)  <  150°C  Tj|pk)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 
(See  AN-415AI. 


VCE.  COLLECTOR. EMITTER  VOLTAGE  IV0LTS) 
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BF460,  BF461,  BF462 


TYPICAL  CHARACTERISTICS  (continued) 
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BF460,  BF461,  BF462 
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® 


MOTOROLA 


BF463 
BF464 
BF465 


PNP  SILICON  ANNULAR* 
HIGH  VOLTAGE  AMPLIFIER  TRANSISTORS 


.  .  designed  for  high-voltage  TV  video  and  chroma  output  circuits, 
high-voltage  linear  amplifiers,  and  high-voltage  transistor  regulators. 

•  High  Collector-Emitter  Breakdown  Voltage  — 

BVCEO  •  350  Vdc  (Min)  @  |c  =  1 .0  mAdc  -  BF465 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VcE(sat)  "  0.75V    (Max)  @  lc  "  30  mAdc 

•  Low  Collector-Base  Capacitance  - 

C„  =  3.0  pF  (Max!  @  Vcb  =  60  Vdc 

•  Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  @  T/s,  =  25°C 

•  Complementary  to  NPN  BF460/BF461/BF462 


PNP  SILICON 
AMPLIFIER  TRANSISTORS 


MAXIMUM  RATINGS 


Rating 


Collector-Eminer  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Total  Power  Dissipation  @  Ta  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Solder  Temperature.  1/16"  from  Case 
lor  10  Seconds 


Symbol 


vCEO 


CBQ 


TjTstg 


BF464  BF465 


-0.5- 


-250- 


-2.0- 
-16  - 


-10  • 
-80  • 


-260- 


Adc 


Watts 
mW/°C 


Watts 
mW/°C 


°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

Rt)JA 

62  5 

°C/W 

Thermal  Resistance,  Junction  to  Case 

R6JC 

12.5 

°C/W 

"t*U  L  L 

d  h  G 

-     N   -  C 

I   1         T_l  1 


1  EMITTER 

?  BASE 

5  COLLEC10R 

4  C0UECT0R 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

21  B4. 

22.35 

0  860 

0  880 

6 

9  91 

1041 

0.390 

0410 

C 

4.39 

3  65 

0  173 

0  183 

0 

0  58 

0  74 

0  023 

0029 

r 

3  56 

4  06 

0  140 

0  160 

2.41 

2.67 

0  095 

0  105 

H 

1  70 

1  96 

0.067 

0.077 

J 

048 

0.66 

0019 

0  026 

K 

IMS 

1295 

0480 

0510 

I 

1  65 

2  03 

0  065 

0  080 

N 

SSI 

10.16 

0  390 

0  400 

a 

3  5E 

3.81 

0  140 

» 

1.07 

175 

0.042 

T 

7.87 

9.14 

0.310 

^0  360 

3-471 


BF463,  BF464,  BF465 


ELECTRICAL  CHARACTERISTICS  <TA  '  25°C  unless  otherwise  noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 

llc  ■=  1.0  mAdc.  IB  =  0)  BF463 
BF464 
BF465 

BVcEO 

250 
300 
350 

Vdc 

Collector  Base  Breakdown  Voltage 

llc  ■  100  uAdc.  15  "  01  BF463 
BF464 
BF465 

BVCBO 

250 
300 
350 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  =  lOOnAdc,  lc  =  01 

BVEB0 

5 

Vdc 

Collector  Cutoff  Current 

IVCB  ■  150  Vdc.  IE  -01  BF4$3 
<VCB  ■  200  Vdc.  IE  =  0)  BF464 
(Vc8  =  250  Vdc,  lE=0)  BF465 

CBO 

0.2 
0  2 
0.2 

MAdc 

Emitter  Cutoff  Current 
(V,,  =  3  Vdc.  Ic  =  0) 

'E80 

0  1 

uAdc 

ON  CHARACTERISTICS!!! 

DC  Current  Gain 

(lc  =  1.0  mAdc.  VCE  =  10  Vdcl 
llc  =  30  mAdc.  VCE  =  10  Vdcl 

HFE 

25 
40 

180 

Collector  Emitter  Saturation  Voltage 
(lc  -  30  mAdc.  IB  =  3.0  mAdc) 

vCE(sat) 

0.75 

Vdc 

Base-Emitter  On  Voltage 

llc  -  30  mAdc.  VCE  *  10  Vdc) 

vBEIonl 

0.85 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

llc     10  mAdc,  VCE  =  20  Vdc.  f  =  20  MHz) 

45 

200 

KH; 

Common  Emitter  Reverse  Transfer  Capacitance 
(Vcl  =  60  Vdc.  I;  =  0.  f  =  1  0  MHz) 

Cre 

3  0 

1 1 1  Pulse  Test   Pulse  Width  <  300  us.  Duty  Cycle  <j  2.01. 


TYPICAL  CHARACTERISTICS 


|  0  20 

;  oio. 

:  COS 

;  0  02 
1   0  01 
>  0  005 
0  002  - 


Dt  -HP^  ilc  ■  25°C 
TA-25"cN^ 


Tj  -  1S0"C 


 B0NUIND  WIRE  LIMIT 

 THERMAL  LIMIT.  SINGLE  PULSE 

SECOND  BREAKDOWN  LIMIT 


BF463 
BF464 
BF465 


5.0  10  20  50  100  200 
VC£.  COLLECTOR-EMITTER  VOLTAGE  (V0LTSI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  V£E  'tmits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  i.e..  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  F  igure  1  is  based  on  Tj(pL;)  =  150°C;  Tq  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjip^j  ^  150°C  Tj(D(()  may  be 
calculated  from  the  data  in  Figure  6  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
(SeeAN-415A) 


FIGURE  1  -  ACTIVE  REGION  SAFE -OPERATING  AREA 


3-472 


BF463,  BF464,  BF465 


3-473 


BF463,  BF464,  BF465 


3-474 


® 


MOTOROLA 


BF466 
BF467 


NPN  SILICON  ANNULAR  ♦ 
HIGH  VOLTAGE  AMPLIFER  TRANSISTORS 


.  designed  for  horizontal  driver  applications  in  television  receivers. 


High  Collector-Emitter  Breakdown  Voltage  - 
BVcEO  =  250  Vdc  (min)  @  lc=  1.0  mAdc  -  BF468 
Low  Collector-Emitter  Saturation  Voltage  - 
vCE(sat)  "  1-5  Vdc  (max)  @  Iq  =  200  mAdc 
Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  <s>  TA  =  25  °C 





NPN  SILICON 
AMPLIFIER  TRANSISTORS 


MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Base  Current 

Total  Power  Dissipation  (S>       =  25°C 
Derate  above  25°C  


Total  Power  Dissipation  @  Jq  -  25°C 
Derate  aboi/e  25°C 


Operating  and  Storage  Junction 
Temperature  Range  


Solder  Temperature,  1/16"  from  Case 
for  10  Seconds 


Symbol     BF4M      BF4S7  BF4M 


vCEO 


VC8Q 


VEBO 


Pd 


Tj.Ts, 


150 


200 


250 


-2.0- 
-16- 


-10- 
-80- 


Watts 
mW/°C 


Watts 
mW/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Svmbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Ambient 

62  5 

°c/w 

Thermal  Resistance,  Junction  to  Case 

*0jc 

12  6 

"cm 

SIVI  E  I 

CIN    I  EMITTER 

1  BASE 

3  COLLECTOR 

4  COLLECTOR 


DIM 

millimeters!  inches 

MIN 

MAX  1  MIN 

MAX 

A 

21.84. 

22  35 

0  860 

0880 

I 

991 

10.41 

0.390 

0.410 

C 

4.39 

4.65 

r0  173 

0  183 

0 

0  58 

0 .74 

0  023 

0  029 

r 

J.56 

4  06 

0  140 

0  160 

c 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.07,7 

J 

0  46 

0.66 

0.019 

0  026 

K 

12.19 

12.95 

0.480 

0510 

L 

1  65 

2  03 

0065 

0  080 

■ 

9.31 

10.16 

0  390 

0  400 

Q 

3.56 

3  81 

0  140 

0  150 

R 

1.07 

US 

0.042 

T 

7.67 

9.14 

0.310 

E 

3-475 


BF466,  BF467,  BF468 


TA  -  25°C  union  otherwite  noted.) 


|  Min 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage 

(IC  -  I.OmAdc,  Ib  "  0)  BFite 
BF467 

BVcEO 

150 
200 

Vdc 

BF46S 

250 

Collector-Base  Breakdown  Voltage 

llc  -  lOOuAdc.  IE  =  0)  BF4S6 
BF467 
BF46B 

BVCBO 

ISO 
200 
2S0 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  i  100nAdc,  IC  -  01 

BVEBo 

5 

— 

Vdc 

Collector  Cutoff  Current 

(VCB  -  100,  Vdc,  lE  -  0)  BF<66 
IVCB  -  150,  Vdc,  lE  -  01  BF467 
IVCB  -  200,  Vdc,  lE  -  0)  BF468 

ICBO 

01 
0.1 
0  1 

pMc 

Emitter  Cutoff  Current 
(V„  =  4  Vdc,  lc  =  0) 

<E60 

0  1 

/-Adc 

■  - 

ON  CHARACTERISTICS  11) 

DC  Current  Gain 

"FE 

(lc  =  10  mA.  VCT  =  10  Vdc) 
(lc  =  100  mA.  Vn  =  10  Vdc) 

40 
40 

Collector  Emitter  Saturation  Voltage 

vCEIsatl 

Vdc 

(lc  =  200  mAdc.  I,  =  20  mAdc) 

1.5 

Base-Emitter  On  Voltage 

VBElonl 

1 

Vdc 

(lc  =  200  mA.  VCI  =  1  Vdc) 

DYNAMIC  CHARACTERISTICS 

Current  Gam  -  Bandwidth  Product 

(lc  =  50  mA.  Vc,  =  20  Vdc.  f  =  20  MHz) 

'T 

100 

MHi 

Collector  output  capacitance 
(Vc,  =  10  Vdc.  1,  =  0.  f  =  01  MHz) 

c.t 

12 

pF 

Input  Capacitance 
(V„  =  0.5  Vdc.  Ic  =  0.  1  =  0  1  MHz) 

110 

pF 

1000 

500 

< 

-§  200 
£  100 

1  50 

PC 

^  10 


BONDING  WIRE  LIMIT 
•-  THERMAL   LIMIT,  SINGLE  PULSE 
-SECOND  BREAKDOWN  LIMIT 
.  (Applies  below  rated  VCEO) 


1  0       2  0          6  0       10       20  50       100      200        500  101 

VcE.  COLLECTOR-EMITTER  VOLTAGE  (Volte) 


There  are  two  limitaiions  on  the  power  handling  ability  of  a 
transistor  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  lc  VCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  i  e  .  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  1  is  based  on  Tj(pkj  =  150°C.  Jq  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjfp^)  <  t50°C  Tj(pj,  j  may  be 
calculated  from  the  data  in  F,gure  6  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 
(See  AN-415A) 


FIGURE  1  -  ACTIVE  REGION  SAFE -OPERATING  ARE  A 


3-476 


BF466,  BF467,  BF468 


TYPICAL  CHARACTERISTICS 


300 
200 

?  100 
5  70 
;  50 

I  30 
i,  20 


10 

7.0 
50 

3.0 


03   05    1.0    2.0       5.0    10     20  30 

C  COLLECTOR  CURRENT  IrWL] 
FIGURE  2  -  DC  CURRENT  GAIN 


1.4 
12 

_  '0 

1  0.8 

O 

2  0.6 

O 

*  0  .4 

> 

02 
0 


0J  0.5     1.0    2.0  3.0  5.0     10    20  30    50  100 

'c  collector  Current  imAi 

FIGURE  3  —  "ON"  VOLTAGES 


I  1  1  1  Ml 

t.  Terr 

J 

-  V 

attorn  -  • 

it 

11= 

r.  _  in 

i  tin — 

300 


IB  BASE  CURRENT  ImAI 
FIGURE  4  -  COLLECTOR  SATURATION  REGION 


2.0   10     50    7.0  10        20  30 

'C.  COLLECTOR  CURRENT  (mAI 
FIGURE  5  -  TEMPERATURE  COEFFICIENTS 


50    70  100 


SOk  101     20k       SOk  100k 


3-477 


BF466,  BF467,  BF468 


3-478 


® 


MOTOROLA 


BF757 
BF758 
BF759 


NPN  SILICON  ANNULAR 
HIGH  VOLTAGE  AMPLIFER  TRANSISTORS 


.  .  .  designed  for  high-voltage  TV  video  and  chroma  output  circuits, 
high-voltage  linear  amplifiers,  and  high-voltage  transistor  regulators. 


•  High  Collector-Emitter  Breakdown  Voltage  - 

BVCEO  =  350  vdc  (Min>  @  lc  =  10  mAdc  - 

•  Low  Collector-Emitter  Saturation  Voltage  — 

vCE|satl  "  0  6  Vdc  (Max)  @  Iq  =  30  mAdc 

•  Low  Collector-Base  Capacitance  — 

C,.  =  3.0  pF  (Max)  @  Vcb  =  20  Vdc 

•  Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  @  Ta  -  25°C 

•  Complements  to  NPN  BF760/BF761/BF762 


BF759 


MAXIMUM  RATINGS 


Rating 


'Collector-Emitter  Voltage 


'Collector  Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


'Total  Power  Dissipation  @  TA  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25QC  


"Operating  and  Storage  Junction 
Temperature  Range  


"Solder  Temperature,  1/16"  from  Case 
for  1 0  Seconds  


Symbol 


vCEO 


^CBO 


vEBO 


PD 


pd 


Tj.Tsl 


BF7S8  BF759 


350 


-  0.5- 
-0.7- 


-2  0- 
-16  - 


Watts 
mW/°C 


Watts 
mW/°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

RejA 

62  5 

°c/w 

Thermal  Resistance,  Junction  to  Case 

R8JC 

12.5 

°c/w 

NPN  SILICON 
AMPLIFIER  TRANSISTORS 


w 


liU" 


STYLE  2 

PIN    1.  EMITTER 

2.  COLLECTOR 

3.  BASE 

4.  COLLECTOR 


OtM 

MILLIMETERS'  INCHES 

MIN 

MAX 

MIN 

MAX 

A 

2 1  84 

22  35 

0  860 

0  880 

6 

991 

1041 

0  390 

0410 

C 

h  4  39 

4.65 

0  173 

0  183 

0 

0  58 

0  74 

0  023 

0  029 

F 

G 

3  56 

4  06 

0  140 

0  160 

241 

2  67 

0  095 

0  105 

H 

■  1.70 

1  96 

0  061 
0  0'9 

0077 

J 

04a 

066 

0  026 

K 

12  19 

12  95 

0  480 

U  510 

L 

1  65 

2  03 

0  065 

0  080 

I) 

991 

10  16 

0  390 

0  400 

0 

J  56 

381 

0  140 

0  150 

B 

107 

1  76 

0  042 

0.069 

T 

787 

9.14 

0310 

0  360 

3-479 


BF757,  BF758,  BF759 


•ELECTRICAL  CHARACTERISTICS  ITA  =  25°C  unless  otherwise  noted  J 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 

(lc  -  1.0  mAdc.  IB  =  01  BF757 
BF758 
BF759 

BVCEO 

250 

Vdc 

300 

350 

Collector-Base  Breakdown  Voltage 

(lc  »  lOOuAdc.  IE  =  0)  BF757 
BF758 
BF759 

BVcbO 

250 
300 

360 

Vdc 

Emitter-Base  Breakdown  Voltage 

(lE  =  lOOuAdc,  lc  =  01 

BVEB0 

6  0 

Vdc 

Collector  Cutoff  Current 

(VCB  =  150  Vdc,  lE  =  0)  BF757 
IVCB  =  200  Vdc.  IE  -01  BF758 
(VCB  ■  250  Vdc.  If.  -  01  BF759 

'CBO 

_ 

0.2 
0.2 
0.2 

MAdc 

Emitter  Cutoff  Current 
(VtE  =  5.0  Vdc,  lc  =  0) 

'EBO 

0.1 

u  Adc 

ON  CHARACTERISTICS!!! 

DC  Current  Gain 

1 1  c  =  1  0  mAdc,  Vqe  =  1 0  Vdc  1 
(lc  -=  30  mAdc,  VCE  =  10  Vdcl 

hFE 

25 
40 

180 

Collector-Emitter  Saturation  Voltage 
(lc  =  30  mAdc,  1,  =  3.0  mAdc) 
(lc  =  50  mAdc.  1,  =  5  mAdc) 

vCE(satl 

0.6 
1.5 

Vdc 

Base-Emitter  On  Voltage 

llc  -  30  mAdc.  Vcf£  =  10  Vdcl 

VBEIon) 

1.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

llc  >  10  mAdc.  VCE  =  20  Vdc.  f  -  20  MHz) 

'T 

45 

200 

MHz 

Common  Emitter  Reverse  Transfer  Capacitance 
(Vc,  =  20  Vdc.  IE  =  0,  f  =  1.0  MHz) 

Cre 

3  0 

1 1 !  Pulse  Test:  Pulse  Width  t  300  us.  Duty  Cycle  s.  2.0% 


TYPICAL  CHARACTERISTICS 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  IcVcE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  i.e..  the  transistor 
must  not  be  subjected  to  greaterdissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(pL.j  =  150°C;  Jq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pkj  <  150°C.  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 
(See  AN-415A). 

i 


2.0        5  0      )0       20         50      100     200       500  1.0  k 
Vqe,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  1  -  ACTIVE-REGION  SAFE -OPERATING  AREA 


BF757,  BF758,  BF759 


TYPICAL  CHARACTERISTICS  (continued) 


001    002        005     01      0  2         0  5       10      20         50       1  0       20  50      100      200        500     I  .Ok     2.0k        5.0k  10k     20k       50k  100  k 

I.  TIME  liml 

FIGURE  6  -  THERMAL  RESPONSE 


3-481 


BF757,  BF758,  BF759 


■ 


TYPICAL  CHARACTERISTICS  (continued) 


0.5       1.0       2.0          50        10       20  50      100      200         500  OS     0  1   10  2  0     3  0        5  0    1  0     10  20     30  50 

VR.  REVERSE  VOLTAGE  IVOLTSI  <C.  COLLECTOR  CURRENT  (mAI 


FIGURE  7  -  CAPACITANCE  FIGURE  8  -  CURRENT-GAIN  —  BANDWIDTH  PRODUCT 


® 


BF760 
BF761 
BF762 


PNP  Sll  ICON  ANNLJI  AR* 
HIGH  VOLTAGE  AMPLIFIER  TRANSISTORS 

PNP  SILICON 

AMPLIFIER  TRANSISTORS 

.  .  designed  for  high-voltage  TV  video  and  chroma  output  circuits, 
high-voitage  hn?a.'  amplifiers,  and  high-voltage  transistor  regulators. 

•   High  Collector-Emitter  Breakdown  Voltage  - 

BVcEO  =  350  Vdc  (Min)  @  ic  -  1 .0  mAdc  -  BF762 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  "  0.75V    (Max)  @  lc  =  30  mAdc 

•  Low  Collector-Base  Capacitance  - 

c„  =  3.0  pF  (Max!  @  Vcb  =  60  Vdc 

•  Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  @  Ta  -  25°C 

•  Complementary  to  NPN  BF757/BE758/BF759 

B 

MAXIMUM  RATINGS 


Rating 


'Collector-Emitter  Volrage 


•Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current 


Continuous 
Peak 


•Base  Current 


•Total  Power  Dissipation  @  TA  ■  25°C 
Derate  above  25°C 


Total  Power  Dissipation  C 
Derate  above  25°C 


■  26°C 


•Operating  and  Storage  Junction 
Temperature  Range  


Solder  Temperature,  1/16"  from  Case 
for  10  Seconds 


Symbol 


vCEO 


^CBO 


PD 


Pd 


Tj.Tstg 


THERMAL  CHARACTERISTICS 


■  0.5- 
-  0.7- 


-2.0- 
-16  - 


-10 
-80 


Watts 
mW/°C 


Watts 
mW/°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

R9JA 

62  5 

°c/w 

Thermal  Resistance,  Junction  to  Case 

R9JC 

12.6 

°c/w 

lJHTj 


-Hi 


STYLE  2 

PIN    t.  EMITTER 

2.  COLLECTOR 

3.  BASE 

4.  COLLECTOR 


MILLIMETERS 

INCHES 

MM 

MIN  [MAX 

MIN 

MAX 

A 

21  84    22  35 

0  860 

0  880 

J. 

9  91  1  1041 

0  390 

0  410 

c-- 

4  39  j  4.65 

0  173 

E  183 

0 

0  58     0  74 

0  0?3 

0  029, 

f 

3  56      4  06 

0  140 

"0  160 

"6, 

2  41  '  ill 

0  095 

0  105 

H 

I  70  ^  t  96 

0  067 

0077 

0  48      0  66:0  019 

0  026 

ih 

12  19  .  12  95 

0  480 

0510 

203 

NT  9  9j  T  10J 
0      3  56  ;  3_ 
iR  '    1 07  175 

j  ;  78i ;  9.4 
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BF760,  BF761,  BF762 

•ELECTRICAL  CHARACTERISTICS  !TA  =  25°C  unless  otherwise  noted.)  

|  Ch.r.cwiitic  I       Symbol      |  Min        |         Max        |  Unit  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage 

(lc  "  1 .0  mAdc,  lB  =  0)  BF760 

BVCEo 

250 

Vdc 

BF761 
BF762 

300 
350 

Collector-Base  Breakdown  Voltage 

(lc  "  100  «Adc,  lE  -  01  BF760 
BF761 
BF762 

BVCBo 

250 

300 
350 

Vdc 

Emitter -Base  Breakdown  Voltage 
(lE  =  100  MAdc.  lc  •  01 

bvebo 

5 

Vdc 

Collector  Cutoff  Current 

(VCB  -  150  Vdc,  lE  «  0)  BF760 
IVCB  =  200  Vdc,  lE  =  01  BF761 
(VCB  -  250  Vdc,  lE -0)  BF762 

'CBO 

0.2 
0  2 
0.2 

uAdc 

Emitter  Cutoff  Current 
(V„  =  3  Vdc,  lc  =  0) 

lEBO 

0.1 

MAdc 

ON  CHARACTERISTICS!!! 

DC  Current  Gain 

llc  =  1,0  mAdc,  Vce  *  10  Vdcl 
(lc  «  30  mAdc.  VCE  =  10  Vdcl 

"FE 

25 
40 

180 

Collector  Emitter  Saturation  Voltage 
IIq  =  30  mAdc.  Is  =  3.0  mAdc) 

vCEIsatl 

0.75 

Vdc 

Base-Emitter  On  Voltage 

llc  =  30  mAdc,  VCE  =  10  Vdcl 

vBEIonl 

0.85 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth.  Product 

llc  =  10  mAdc.  VCE  3  20  Vdc.  f  =  20  MHzl 

»T 

45 

200 

MHi 

Common  Emitter  Reverse  Transfer  Capacitance 
(Vc,  =  60  Vdc,  I;  =  0.  f  =  1.0  MHz) 

Cre 

3 

(1)  Pulse  Tesi.  Pulse  Width  ^  300  us.  Duty  Cycle  •=  2.0% 


TYPICAL  CHARACTERISTICS 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  average  [unction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  lc  VCE  limns  of  the  transisior 
that  must  be  observed  for  reliable  operation,  i.e.,  the  transistor 
must  not  be  subiected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(pk)  =  150°C,  Tc  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pkj  ^  150°C  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
(See  AN-415A* 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

FIGURE  1  -  ACTIVE  REGION  SAFE -OPERATING  AREA 
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BF760,  BF761,  BF762 
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IC. COLLECTOR  CURRENT  1mA) 
FIGURE  2  —  DC  CURRENT  GAIN 
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FIGURE  3   -  COLLECTOR  SATURATION  REGION 


1j0 
08 
1  06 

s 

< 

°  04 
02 
0 


1.0        Z0  5.0       10  20 

IC.  COLLECTOR  CURRENT  ImA! 
FIGURE  4  -  "ON"  VOLTAGES 
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BF760,  BF761,  BF762 


3-486 


NPN  PNP 

BF787  BF790 


(ffo  MOTOROLA  788  791 

w  789  792 


SILICON  ANNULAR* 
HIGH  VOLTAGE  AMPLIFIER  TRANSISTORS 
LOW  CRE 


.  .  electrically  Low  CRE  identical  in  Duowatt  package  to  BF469/470, 
andBF471/472  Case77. 

Designed  for  high-voltage  TV  video  and  chroma  output  circuits, 
high-voltage  linear  amplifiers,  and  high-voltage  transistor  regulators. 

•  High. Collector-Emitter  Breakdown  Voltage  - 

BVCEO  *  350  Vdc  (Min)  @  lc  =  1.0  mAdc  -  BF789/792. 

•  Low  Collector-Emitter  Saturation  Voltage  — 

VCE(sat)  =  10  V  (Max)  @  lc  =  10  mAdc. 

•  Low  Collector  Base  Capacitance  — 

Cre  =  1 .8  pF  (Max)  @  VCB  =  30  Vdc. 

•  Duowatt  Package  -  2  Watts  Free  Air  Dissipation  @  T/\  =  25  °C. 


COMPLEMENTARY  SILICON 
AMPLIFIER  TRANSISTORS 


MAXIMUM  RATINGS 


Rating 

Symbol 

BF787 
BF790 

BF788 
BF791 

BF789 
BF792 

Unit 

Collector-Emitter  Voltage 

VCEO 

250 

300 

350 

Vdc 

Collector-Base  Voltage 

vCBO 

250 

300 

350 

Vdc 

Collector  Current  —  Continuous 
Peak 

iq 

0.1 

0.2 

Adc 

Total  Power  Dissipation  @  T/\  =  25  °C 
Derate  above  25  °  C 

PD 

2.0 
16 

Watts 

mwrc 

Total  Power  Dissipation  @  Tc  =  25  °C 
Derate  above  25  °  C 

Pd 

10 
40 

Watts 

mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-55  to  +150 

•c 

Solder  Temperature,  1/16"  from  Case 
for  10  Seconds 

260 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

R8JA 

62.5 

°C/W 

Thermal  Resistance,  Junction  to  Case 

"eJC 

 1 

25 

"C/W 

I 


I"  2  L 


STYLE  2 
PIN  1 
2 

3 
4 

EMITTER 

COLLECTOR 

BASE 

COLLECTOR 

MILLIMETERS 

INCHES 

DIM 

Mm 

MAS 

MIN 

MAX 

21.84 

22.35 

0  860 

0BB0 

™i 

9.91  ' 

1041 

0.390 

TilO 

"g 

4.39 

4.6S 

^0.1)3 

0.183 

D 

0.58 

0.74 

0.023 

0.029 

F 

3.56 

4.06 

0.140 

0  160" 

2.41 

2.67 

~0.095 

0.105 

1  70 

*  \3t~ 

0J167 

0.077" 

D.48 

0.66 

0.019 

0.026 

12.19 

12.95 

0.480 

0  510 

L 

165 

2.03 

0.065 

0.060 

N 

9.91 

10.16 

0.390 

0.400 

a 

3.56 

3.91 

0.140 

0  150 

H 

1.07 

1.75 

0.04 1^ 

0.063 

> 

7.87" 

9.14 

0.310 

0.36Q 

CASE  306-04 

3-487 


BF787,  788,  789  NPN 
BF790,  791,  792  PNP 


ELECTRICAL  CHARACTERISTICS  (TA  -  25  °C  unless  otherwise  noted) 


Symbol 

Max. 

Unit 

OFF  CHARACTERISTICS 


Collector-Emitter  Voltage 
(lc=  1.0  mAdc,  lB-0)  BF787/790 

BF788/791 
BF789/792 

BVf-Fn 

250 
300 
350 

Vdc 

Collector-Base  Breakdown  Voltage 
(lc-10uAdc.  IE  -  0)  BF787/790 

BF788/791 
BF789/792 



BVcbo 

250 
300 
350 

Bdc 

Emitter-Base  Breakdown  Voltage 
(lE=  10uAdc,  lc  =  0) 

BVEB0 

5 

Vdc 

Collector-Cutoff  Current 
(VCB  -  150  Vdc.  lE-0)  BF787/790 
(VCB-200Vdc.  lE-0)  BF788/791 
IVCB  -  250  Vdc,  lE  -  01  BF789/792 

icbo 

0.2 
0.2 
0.2 

uAdc 

Emitter-Cutoff  Current 
(VBE  -  5  Vdc,  lc  -  01 

Iebo 

10 

Collector-cutoff  Current 
(VCE-150Vdc,  VBE  =  0l  BF787/790 
(VCE  -  200  Vdc,  VBE  -  0)  BF788/791 
IVCE  -  250  Vdc,  VBE  -  0)  BF789/792 

Ices 

10 
10 
10 

uAdc 

ON  CHARACTERISTICS' 


DC  Current  Gain 
<lc  -  25  mAdc,  VCE  -  20  Vdc) 

nFE 

50 

Collector-Emitter  Saturation  Voltage 
(Iq  =  10  mAdc,  lB  -  1.0  mAdc) 

VcElsatl 

1 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain  -  Gandwidth  Product 
(lc  -  10  mAdc,  VCE  -  10  Vdc.  f  =  20  MHz) 

fj 

60 

MHz 

Common-Emitter  Reverse  Transfer  Capacitance 
IVCB  -  30  Vdc,  lE  =0,  f  =  1.0  MHz) 

Cre 

1.8 

pF 

Collector-Saturation  RF  Voltage 
(lc=25  mA) 

vCE(sat)  hf 

Typical  20 

V 

1  Pulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  <  2.0%. 
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BF787,  788,  789  NPN 
BF790,  791,  792  PNP 


10 


 1  


FIGURE  1  -  ACTIVE-REGION  SAFE-OPERATING  AREA 

TYPICAL  CHARACTERISTICS 


VcE.  COLLECTOR  EMITTER  (V) 


FIGURE  2  -  DC  CURRENT  GAIN 


1.0  10 
IC.  COLLECTOR  CURRENT  ImAI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Ic~Vce  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e„  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  figure  1  is  based  on  Tj(pk]  =  150  "C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are 
valid  for  dutv  cycle  to  10%  provided  Tj(pk)  <  150 "C.  Tj(p|<) 
may  be  calculated  from  the  data  in  figure  6.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown.  (See  AN-415A). 

FIGURE  3  -  SATURATION  VOLTAGE 
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FIGURE  4  -  CAPACITANCE 
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BU204 
BU205 


® 


MOTOROLA 


Designer's  Data  Sheet 


HORIZONTAL  DEFLECTION  TRANSISTOR 


.  . .  specifically  designed  for  use  in  large  screen  color  deflection 
circuits. 

•  Collector-Emitter  Voltage  -  VCEX  =  1300  Vdc  -  BU204 

1500Vdc-BU205 

•  Glassivated  Base-Collector  Junction 


•  Switching  Times  with  Inductive  Loads  — 
tf  =  0.65  jus  (Typ)  @  lc  =  2A 





2.5  AMPERE 


NPN  SILICON 
POWER  TRANSISTORS 

1300  AND  1500  VOLTS 
38  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  —  representing 
device  characteristics  boundaries  — 
are  given  to  facilitate  "» 
design. 


"worst  case" 


MAXIMUM  RATINGS 

Rating 

Symbol 

BU204 

BU205 

Unit 

Collector-Emitter  Voltage 

VcEOIsus) 

600 

700 

Vdc 

Collector-Emitter  Voltage 

VCEX 

1300 

1500 

Vdc 

Emitter  Base  Voltage 

veb 

5.0 

Vdc 

Collector  Current  —  Continuous 

ic 

2.5 

Adc 

-Peakd) 

ICM 

i 

Base  Current  -  Peak  (1) 

<BM 

2.5 

Adc 

Total  Power  Dissipation  ®>  Tc  -  25°C 

pd 

36 

Wans 

©  Tc  -  90°C 

10 

Derate  above  2S°C 

0.4 

W/°C 

Operating  and  Storage  Junction 

TJ  -  Tstg 

-65  to  +115 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rsjc 

25 

°C/W 

(1 1  Pulse  Test:  Pulse  Width  -  5  mi,  Duty  Cycle  <  10%. 

PIN  1.  BASE 

2.  EMITTER 
CASE  COLLECTOR 


NOTES: 

1  DIMENSIONS  0  AND  V  ARE  OATUMS. 
2.  GO  IS  SEATING  PLANE  AND  DATUM. 
3  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0 

|   »  |  »13  10.005)©  |  T  |v©  [ 

FOR  LEADS  

|  +  |  |.13«).005)©T  |  V©|  0® 


MILLIMETERS 

^  INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.3? 

1.550 

8 

21  08 

0.B3Q 

C 

u  ?su 

0  300 

□ 
§ 
F 
G 

1.78 

i!  !)1S 

0.043 

'  0!  ■ 

j 

3D  1 

BSC 

1  IB?  BSC 

10.92  BSC 

Q  430  35C 

H 

5.46  BSC 

0?15  5SC 

J 

16.8 

BSC 

0.665  8SC 

K 

11.18 

12.19 

0  440 

iJ,iSlj 

Q 

3.81 

4.19 

o  ten 

0.165 

H 

26  6/ 

!  05C 

n 

4.83 

533 

0  150 

;  ?ic 

381 

4  13 

D  -bD 

0  165 
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BU204,  BU205 


ELECTRICAL  CHARACTERISTICS  <TC  -  25°  unless  otherwise  noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  (1) 

Collector-Emitter  Sustaining  Voltage  BU204 
(IC-100mAdc.  lB-0)  BU205 

vCEO(sus) 

600 
700 

Vdc 

Collector  Cutoff  Current 

(VCE -1300  Vdc.  VBE-0)  BU204 
(VCE -1500  Vdc.  VBE-0)  BU20S 

■CES 

in 

IX) 

mAdc 

Emitter  Base  Voltage 

(lE  -  10  mA,  lc  "  0) 

VEBO 

5X1 

Vdc 

ON  CHARACTERISTICS  (1) 

Collector-Emitter  Saturation  Voltage 
(lc«2X)Adc.  lB«1XIAdc) 

VcE(sat) 

5X> 

Vdc 

Base  Emitter  Saturation  Voltage 

(lC-2jOAdc.  lB  =  1X)Adc) 

vBE(sat) 

1.5 

Vdc 

Second  Breakdown  Collector  Current  with  Base 
Forward  Biased 

'S/B 

Se.  Figure  14 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product  (1 ) 

lie  -01  Adc.  VCE  =  5X1  Vdc.  f„j,  »  1.0  MHz) 

t 

4.0 

MHz 

Output  Capacitance 

(VCB  -  10  Vdc.  Ig  =0,  f  -  1.0  MHz) 

Cob 

50 

pF 

SWITCHING  CHARACTERISTICS 

Fall  Time 

IIC  -  2X1  Adc.  Ig]  -  ID  Adc.  Lg  =  25  iiH)  (See  Figure  1) 

«f 

0.6S 

MS 

t1)  Pulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  =  2%. 


FIGURE  1  -  TEST  CIRCUIT 


Common 
2500  p 
5.0  W 


Capacitor  velum  in  vF 
resistors  are  %  watt 


'c 

L 

c 

0.75  A 

4.25  mH 

.003  |iF 

1.5 

2.18mH 

.006  nF 

2.0 

1.6  mH 

.008  uF 

DRIVER  TRANSFORMER  (T1) 

Motorola  part  number  25D6S782A  05-1/4"  laminata  "E"  Iron 
core.  Primary  Inductance  -  39  mH.  Secondary  Inductance-  22  mH. 
Leakage  Inductance  with  primary  shorted  -  2.0  uH,  Primery  260 
turns  #28  AWG  enamel  wire.  Secondary  17  turns  #22  AWG 
enamel  wire. 


3-491 


BU204,  BU205 


BASE  DRIVE:  The  Key  to  Performance 

By  now,  the  concept  of  controlling  the  shape  of  the 
turn-off  base  current  is  widely  accepted  and  applied  in 
horizontal  deflection  design.  The  problem  stems  from  the 
fact  that  good  saturation  of  the  output  device,  prior  to 
turn-off,  must  be  assured.  This  is  accomplished  by  pro- 
viding more  than  enough  Igi  to  satisfy  the  lowest  gain 
output  device  hFE  at  the  end  of  scan  Icm-  Worst  case 
component  variations  and  maximum  high  voltage  loading 
must  also  betaken  into  account. 

If  the  base  of  the  output  transistor  is  driven  by  a  very 
low  impedance  source,  the  turn-off  base  current  will  re- 
verse very  quickly  as  shown  in  Figure  2.  This  results  in 
rapid,  but  only  partial,  collector  turn-off,  because  excess 
carriers  become  trapped  in  the  high  resistivity  collector 
and  the  transistor  is  still  conductive.  This  is  a  high  dissipa- 
tion mode,  since  the  collector  voltage  is  rising  very  rapidly. 
The  problem  is  overcome  by  adding  inductance  to  the 
base  circuit  to  slow  the  base  current  reversal  as  shown  in 
Figure  3,  thus  allowing  excess  carrier  recombination  in  the 
collector  to  occur  while  the  base  current  is  still  flowing. 

Choosing  the  right  Lq  is  usually  done  empirically,  since 
the  equivalent  circuit  is  complex,  and  since  there  are 
several  important  variables  OcM.  I B 1  -  and  nFE  at  I  CM'  - 
One  method  is  to  plot  fall  time  as  a  function  of  Lq,  at  the 
desired  conditions,  for  several  devices  within  the  hpr; 
specification.  A  more  informative  method  is  to  plot  power 
dissipation  versus  I  b  1  for  a  range  of  values  of  Lq  as  shown 

TEST  CIRCUIT 

FIGURE  2 


in  Figures  4  and  5.  This  shows  the  parameter  that  really 
matters,  dissipation,  whether  caused  by  switching  or  by 
saturation.  The  negative  slope  of  these  curves  at  the  left 
(low  lB1)  is  caused  by  saturation  losses.  The  positive 
slope  portion  at  higher  Iri,  and  low  values  of  Lr  is  due  to 
switching  losses  as  described  above.  Note  that  for  very  low 
Lg  a  very  narrow  optimum  is  obtained.  This  occurs  when 
'B1  nFE  =  'CM.  and  therefore  would  be  acceptable  only 
for  the  "typical"  device  with  constant  IcM-  As  Lb  is  in- 
creased, the  curves  become  broader  and  flatter  above  the 
< B 1  hFE  "  ICM  Point  as  the  turn-off  "tails"  are  brought 
under  control.  Eventually,  if  Lr  is  raised  too  far,  the 
dissipation  all  across  the  curve  will  rise,  due  to  poor 
initiation  of  switching  rather  than  tailing.  Plotting  this 
type  of  curve  family  for  devices  of  different  hpE.  essen- 
tially moves  the  curves  to  the  left  or  right  according  to  the 
relation  I b  1  hFE  =  constant.  It  then  becomes  obvious 
that,  for  a  specified  Icm.  an  l-B  can  be  chosen  which  will 
give  low  dissipation  over  a  range  of  hp£  and/or  1(31.  The 
only  remaining  decision  is  to  pick  Iri  high  enough  to 
accommodate  the  lowest  hp£  part  specified.  Figure  8 
gives  values  recommended  for  Lr  and  I  b T  for  this  device 
over  a  wide  range  of  IcM-  These  values  were  chosen  from 
a  large  number  of  curves  like  Figure  4  and  Figure  5. 
Neither  Lb  nor  I  bi  are  absolutely  critical,  as  can  be  seen 
from  the  examples  shown,  and  values  of  Figure  8  are  pro- 
vided for  guidance  only. 

WAVEFORMS 

FIGURE  3 


TEST  CIRCUIT  OPTIMIZATION 


The  test  circuit  may  be  used  to  evaluate  devices  In  the  con- 
ventional manner,  i.e.,  to  measure  fall  time,  storage  time,  end 
saturation  voltage.  However,  this  circuit  was  designed  to  eveluata 
devices  bv  a  simple  criterion,  power  supply  input.  Excessive 
power  Input  can  be  caused  bv  a  variety  of  problems,  but  It  Is  the 


dissipation  In  the  transistor  that  is  of  fundamental  Importance. 


Once  the  required  transistor  opereting  current  is  determined, 
fixed  circuit  velues  may  be  selected  from  the  table.  Fectorv  test- 
ing is  performed  bv  reading  the  current  meter  only,  since  the 
input  power  is  proportional  to  current.  No  adjustment  of  the 
test  apparatus  i,  required. 
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FIGURE  4  -  OPTIMIZING  DRIVE  @  Ic  ■=  0.75  A 


FIGURE  5-  OPTIMIZING  DRIVE  O  lc  1.5  A 
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FIGURE  6  -  OPTIMIZING  DRIVE  @  lc  -  2.0  A 
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FIGURE  7  -  SWITCHING  BEHAVIOR  verms 
TEMPERATURE 


LBpH 
6^20_ 

4 
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1.75  A,  1 

pH 

u 
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FIGURE  8  -  OPTIMUM  DRIVE  CONDITIONS 


FIGURE  9  -  SWITCHING  BEHAVIOR  versus  lCM 
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BU207 
BU208 


Designers  Data  Sheet 


HORIZONTAL  DEFLECTION  TF 


. . .  specifically 
circuits. 


designed  for  use  in  large 


deflection 


•  Collector-Emitter  Voltage  - 

VCEX=  1300  Vdc-  BU207 
1500  Vdc  -  BU208 

•  Collector-Emitter  Sustaining  Voltage  — 

VCEO(sus)  =  600  Vdc  -  BU207 
700  Vdc  -  BU208 

•  Switching  Times  with  Inductive  Loads,  tf  =  0.4  us  (Typ)  @ 

lc  =  4.5A 

•  Optimum  Drive  Condition  Curves 

•  Glass  Base-Collector  Junction 


5  AMPERE 
NPN  SILICON 
POWER  TRANSISTORS 

1300  AND  1500  VOLTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 




•MAXIMUM  RATINGS 

Rating 

Symbol 

BU207 

BU208 

Unit 

Collector-Emitter  Voltage 

VCEO(sus) 

600 

700 

Vdc 

Collector-Emitter  Voltage 

VCEX 

1300 

1500 

Vdc 

Emitter  Base  Voltage 

VEB 

5 

Vdc 

Collector  Current  -  Continuous 
Peak  11) 

'C 
'CM 

5 
7.5 

Adc 

Base  Current  -  Peak  (1 1 

'BM 

4 

Adc 

Total  Power  Dissipation  @  Tc  =  95°C 
Derate  above  95°C 

PD 

12.5 
0.625 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj,  Tstg 

-65  to+115 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rfljc 

1.6 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

j. 

275 

°c 

( 1 )  Pulse  Test:  Pulse  Width  ■  6  ms.  Duty  Cycle  <  1 0%. 

PIN  1.  BASE 

2.  EMITTER 
CASE  COLLECTOR 


NOTES: 

1  DIMENSIONS  0  AN0  V  ARE  DA7UMS. 

2.  [ID  IS  SEATING  PLANE  AN0  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q: 

|   ♦  |  H3  10.0051©  j  T  [^©1 

FOR  LEADS.  

j  ♦  |>.t310.0O5)©T|v®TiQ] 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39  37 

1.550 

e 

21  08 

o  DO 

E 

6  35 

}  62 

0  250 

0  300 

D 

0 

1  09 

:  ■ 

g  M3 

E 

:  *0 

1.7B 

0.070 

F 

30.15  BSC 

1.187  BSC 

G 

ic.92  as: 

0  430  BSC 

H 

S.46  BSC 

0.215  BSC 

J 

16. B 

BSC 

0  6fi 

BSC 

K 

11  18 

1?  19 

0.J4O 

0.480 

Q 

381 

4.19 

0 : 

0.165 

R 

26.67 

1.050 

U 

1  S3 

5.33 

0  1351 

r  2io 

V 

in 

4  19 

sis': 

0.165 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°  unless  otherwise  noted  ! 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  (1) 

Collector-Emitter  Sustaining  Voltage 

BU207 

vCEO(susl 

600 

Vdc 

(lc=  lOOmAdc,  lB  =  0)  BU208 

700 

Collector  Cutoff  Current 

ices 

mAdc 

(VCE  =  1300  Vdc.  VBE  -  0)  BU207 

1.0 

IVCE  =  1500  Vdc,  VBE  -  01  BU208 

1.0 

Emitter  Base  Voltage 
(lE  -  10  mA,  Iq  -  0) 

VEBo 

5.0 

Vdc 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 

nFE 

2.25 

(IC  =  4.5  Adc,  VCE  -  5  Vdc) 

Collector-Emitter  Saturation  Voltage 
dC  "  4.5  Adc.  IB  -  2  Add 

VcE(sat) 

5 

Vdc 

Base  Emitter  Saturation  Voltage 
(lc  ■  4.5  Adc,  lB  -  2  Adc) 

VBE(sat) 

1.5 

Vdc 

Second  Breakdown  Collector  Current  with  Base 
Forward  Biased 

'S/b 

See  Figure  14 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

llc  *0.1  Adc,  VCE  -5.0  Vdc,  ftest  F  1  MHz) 

<T 

4.0 

MHz 

Output  Capacitance 

<VCB  =  10  vdc-  'E  "  °' '  "  °'1  MHzl 

Cob 

125 

pF 

SWITCHING  CHARACTERISTICS 

Fall  Time 

(lc  =  4.5  Adc,  lB  -  1.8  Adc, 
LB=  10uH,see  Figure  1) 

tf 

0.6 

Ms 



(1)  Pulse  Test:  Pulse  Width  ■ 


300  ms.  Duty  Cycle  <  2%. 

FIGURE  1  -  SWITCHING  TIMES  TEST  CIRCUIT 


S20 
5 


Pulu  Width  Adj 
BOX  Duty  Cycl. 


'c 

A 

L 
mH 

C 
uF 

3.5 

0.87 

0.013 

4.5 

0.67 

0.017 

DRIVER  TRANSFORMER  (Til  Com  *,25 V 

Motorola  part  number  25D68782A-05-1/4"  laminate  "E"  iron  cora. 
Primary  Inductance  —  39  mH,  Secondary  Inductance  —  0.22  mH, 
Leakage  inductance  with  primary  shorted  —  2.0  yH.  Primary  260 
turns,  #28  AWG  enamel  wire,  Secondery  17  turns,  #22  AWG 
enemel  wire. 
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BASE  DRIVE:  The  Key  to  Performance 


By  now,  the  concept  of  controlling  the  shape  of  the 
turn-off  base  current  is  widely  accepted  and  applied  in 
horizontal  deflection  design.  The  problem  stems  from 
the  fact  that  good  saturation  of  the  output  device,  prior 
to  turn-off,  must  be  assured.  This  is  accomplished  by 
providing  more  than  enough  Ig-j  to  satisfy  the  lowest  gain 
output  device  lipp  at  the  end  of  scan  Iq^.  Worst-case 
component  variations  and  maximum  high  voltage  loading 
must  also  be  taken  into  account. 

If  the  base  of  the  output  transistor  is  driven  by  a  very 
low  impedance  source,  the  turn-off  base  current  will  re- 
verse very  quickly  as  shown  in  Figure  2.  This  results  in 
rapid,  but  only  partial,  collector  turn-off,  because  excess 
carriers  become  trapped  in  the  high  resistivity  collector 
and  the  transistor  is  still  conductive.  This  is  a  high  dissipa- 
tion mode,  since  the  collector  voltage  is  rising  very  rapidly. 
The  problem  is  overcome  by  adding  inductance  to  the 
base  circuit  to  slow  the  base  current  reversal  as  shown  in 
Figure  3,  thus  allowing  excess  carrier  recombination  in  the 
collector  to  occur  while  the  base  current  is  still  flowing. 

Choosing  the  right  Lg  is  usually  done  empirically,  since 
the  equivalent  circuit  is  complex,  and  since  there  are 
several  important  variables  (Icm-  'B1'  ana*  nFE  at  'CM^- 
One  method  is  to  plot  fall  time  as  a  function  of  Lg,  at  the 
desired  conditions,  for  several  devices  within  the  hpr; 
specification.  A  more  informative  method  is  to  plot  power 
dissipation  versus  lg-|  for  a  range  of  values  of  Lg  as  shown 


in  Figures  4  and  5.  This  shows  the  parameter  that  really 
matters,  dissipation,  whether  caused  by  switching  or  by 
saturation.  The  negative  slope  of  these  curves  at  the  left 
{low  Igt)  is  caused  by  saturation  losses.  The  positive  slope 
portion  at  higher  lg-),  and  low  values  of  Lg  is  due  to 
switching  losses  as  described  above.  Note  that  for  very  low 
Lg  a  very  narrow  optimum  is  obtained.  This  occurs  when 
'bI  nFE  =  'CM'  ano"  therefore  would  be  acceptable  only 
for  the  "typical"  device  with  constant  'cM-  As  LB  is  in" 
creased,  the  curves  become  broader  and  flatter  above  the 
'B1  nFE  *  'CM  P°int  a*  the  turn-off  "tails"  are  brought 
under  control.  Eventually,  if  Lg  is  raised  too  far,  the 
dissipation  all  across  the  curve  will  rise,  due  to  poor 
initiation  of  switching  rather  than  tailing.  Plotting  this 
type  of  curve  family  for  devices  of  different  hpc:,  essen- 
tially moves  the  curves  to  the  left  or  right  according  to  the 
relation  lB1  hpg  =  constant.  It  then  becomes  obvious 
that,  for  a  specified  IcM-  an  ^B  can  De  chosen  which  will 
give  low  dissipation  over  a  range  of  hpg  and/or  I g -j .  The 
only  remaining  decision  is  to  pick  Igi  high  enough  to 
accommodate  the  lowest  hpr;  part  specified.  Figure  8 
gives  values  recommended  for  Lg  and  Igi  for  this  device 
over  a  wide  range  of  IcM-  These  values  were  chosen  from 
a  large  number  of  curves  like  Figure  4  and  Figure  5. 
Neither  Lg  nor  Igt  are  absolutely  critical,  as  can  be  seen 
from  the  examples  shown,  and  values  of  Figure  8  are  pro- 
vided for  guidance  only. 


FIGURE  2 


TEST  CIRCUIT  WAVEFORMS 


FIGURE  3 


TEST  CIRCUIT  OPTIMIZATION 


The  test  circuit  may  be  used  to  evaluate  devices  in  the  con- 
ventional  manner,  i.e.,  to  measure  fall  time,  storage  time,  and 
saturation  voltage.  However,  this  circuit  was  designed  to  evaluate 
devices  bv  a  simple  criterion,  power  supply  input.  Excessive 
power  input  can  be  caused  bv  a  variety  of  problems,  but  it  Is  the 
dissipation  in  the  transistor  that  is  of  fundamental  Importance. 


Once  the  required  transistor  operating  current  Is  determined, 
fixed  circuit  values  may  be  selected  from  the  table.  Factory  test- 
ing is  performed  by  reading  the  current  meter  only,  since  the 
input  power  is  proportional  to  current.  No  adjustment  of  the 
i  is  r 


3-497 


BU207,  BU208 


FIGURE  4  -  OPTIMIZING  DRIVE  ©  lC  -  3.5  A 


FIGURE  S  -  OPTIMIZING  DRIVE  ©  lc  -  4.5  A 
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FIGURE  7  -  SWITCHING  BEHAVIOR 
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FIGURE  8  -  OPTIMUM  DRIVE  CONDITIONS 


FIGURE  9  -  SWITCHING  BEHAVIOR  versus  lCM 
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FIGURE  10  -  THERMAL  RESPONSE 


10      20         50      100     200       500  1000 


FIGURE  11  -  COLLECTOR  SATURATION  REGION 


FIGURE  12  —  DC  CURRENT  GAIN 


FIGURE  13  -  "ON"  VOLTAGES 
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® 


NPN  SILICON  HORIZONTAL  DEFLECTION  TRANSISTOR 
WITH  INTEGRATED  DAMPER  DIODE 

.  .  .  specifically  designed  for  use  in  large  screen  color  deflection 
circuits 


VCES  =  1 500  V; 
vCEO(sus)  =  700V(min) 

Low  saturation: 

VcE(sat)  =  1  0  V  (max)  @  lc  =  4.5  Adc 


MAXIMUM  RATINGS 


5  AMPERES 

NPN  SILICON 
POWER  TRANSISTORS 

1500  VOLTS 
60  WATTS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEO 

700 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  0) 

VCES 

1500 

Vdc 

Emitter  Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  —  Continuous 
—  Peak 

ic 

'CM 

5.0 
7.5 

Adc 

Base  Current  —  Peak 

IB 

3.5 

Adc 

Total  Device  Dissipation  Jq  =  25°C 
Derate  above  25°C 

PD 

60 
0.666 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  TS,g 

-65  to  1 1 5 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

1.5 

°C/W 









FIGURE  1  -  POWER  DERATING 

—      t  n 

TION  (NORMALIZED 

B       -  -io.  -    -  i 

0 

I  DISSIPA 

s 

o 

3  02 

S 

Q 

!p  ° 

c 

26        50       75       100      125  l 
TC.  CASE  TEMPERATURE  (»C| 

0  1 

rs  2C 

STYLE  I 

PIN  1.  BASE 

2.  EMITTER 

case  Collector 


NOTES: 

1.  DIMENSIONS  Q  ANO  V  ARE  OATUMS. 

2.  GD  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q 

|  ♦  ]  ♦■13(0.005)©  |  T  |  V©  | 

FDR  LEAPS:  

|  ♦  |  j13  10.0051©  T  ]  v©|  Q©{ 

4.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  Y14.5. 1973 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.5S0 

B 

,  i  (if-: 

0  830 

G 

6.35 

7,62 

0  250 

0.300 

D 

0.97 

1.09 

0  038 

0  043 

E 

1.40 

1.78 

.:  j5' 

::  0" 

F 

30  IS  BSC 

1.187  BSC 

C 

1082  BSC 

;  uc  bsc 

H 

5.4 

BSC 

1215  BSC 

J 

It  8 

BSC 

D.66S  5^C 

K 

11.  ra 

12  13 

0.440 

0  480 

0 

3.B1 

4.19 

0.150 

0  166 

n 

26.67 

1  050 

u 

4.83 

S.33 

0.190 

0.210 

v 

3.B1 

4.19 

0  ISO 

0  165 

CASE  1-05 
T0-204AA  (Type) 
(Formerly  TO  3) 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 








|  Unit 


Characteristic 


Symbol 


Min 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
(lC=  lOOmAdc,  lB  =  0,  L=  26  mH.  Vc,arnp  =  800  V) 

vCE0(sus) 

700 

Vdc 

Collector  Cutoff  Current 
|VCE=  1500Vdc.  VBE  =  0) 

Ices 

1.0 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  5.0  Vdc,  IC  »  0| 

Iebo 

300 

mAdc 

■ 

ON  CHARACTERISTICS  HI 

Diode  Forward  Voltage 
<IF  =  4.0  A) 

vf 

— 

2  0 

Vdc 

Collector-Emitter  Saturation  Voltage 
(lc  =  4.5  Adc.  IB  =  2.0  Adc) 

vCE(sat) 

— 

1.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  4.5  Adc,  Ib  ;  2.0  Adc] 

VBE(sat) 

1.5 

Vdc 

NG  CHARACTERISTICS  (Inductive  Load) 


Fall  Time 

(IC  (end)  =  4.5  Adc,  VCC  =  140  Vdc, 

If 

0.6  (tvp) 

_M»  —  - 

lB  (end)  =  1 .8  A,  Lc  =  0.9  mH.  LB  =  1 0  iiH) 

(1 )  Pulse  Test:  PW  =  300  us.  Duty  Cycle  S  3%. 
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BU208A 
BU209 
209A 


® 


MOTOROLA 


HORIZONTAL  DEFLECTION  TRANSISTORS 

.  .  .  designed  for  use  in  televisions. 

•  Collector-Emitter  Voltages  VqeS  1  500/1  700  Volts 

•  Fast  Switching  -  400  ns  Typical  Fall  Time 

•  Low  VcE(sat)  0.3  Vdc  Typical  at  4.5  Adc/2.25  Adc  (BU208A) 

•  Low  thermal  Resistance  1  °C/W  increased  reliability 

•  Glass  passivated  (patented  photoglass).  Triple  diffused  Mesa 

Technology  for  long  term  stability. 


MAXIMUM  RATINGS 


Rating 

Symbol 

BU208A 

BU209 
BU209A 

Unit 

Collector-Emitter  Voltage 

VCEOIsusI 

700 

800 

Vdc 

Collector-Emitter  Voltage 

VcES 

1500 

1700 

Vdc 

Emitter-Base  Voltage 

VEB 

5 

5 

Vdc 

Collector  Current 

-  Continuous 

-  Peak 

ic 

'CM 

7  (5) 
15  (7.5) 

6  (4) 
12  (6) 

Vdc 

Base  Current 

-  Continuous 

-  Peak  (Negative) 

'B 

'bm 

4 

3.5 

Adc 

Total  Power  Dissipation 
at  Tc  «  95°C 
Derate  above  95°C 

pd 

20  (12.5) 
1  (0.625) 

Watts 
W7°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj. Tstg 

-65  to  +115 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance. 
Junction  to  Case 

RSjc 

1.0  (1.6) 

°c'/w 

Maximum  Lead  Temperature 
for  Soldering  Purpose: 

1/8"  from  Case  for  5  Seconds 

tl 

275 

°C 

NOTE     1    Pulsed  R  '"is.  O'jtv  Cyf'"  —  10% 

2  See  pago  3  Id  Additions'  Ratings  on  A  Type. 

3  Figures     i  \  nt~  Standato:  Ratings  Motorola  Gi 


6  AND  7  AMPERES 

NPN  SILICON 
POWER  TRANSISTORS 

1500  to  1700  VOLTS 




u 

notes 

i  dimensions  q  and  v  are  datums 
1  m  is  seating  plane  and  0a1uh 
3  positional  tolerancs  'or 

MOUNTING  HO L t  0 

[  ♦  |>i3ina»i©  |  t  jv©] 

FOR  LEADS  

|  ♦  1  I13IOOOSI0T  |  V©1  Q©| 


MILLIMETERS 

INC 

HES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.97 

1.09 

0.038 

0.043 

E 

3.43 

0.135 

F 

30.15  BSC 

1.187  BSC 

G 

10.92  BSC 

0.430  BSC 

H 

5.46  BSC 

0.215  BSC 

J 

16.89  BSC 

0.665  BSC 

K 

11.18 

12.19 

0.440 

0.480 

a 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

u 

4.83 

5.33 

0.190 

0.210 

v 

3.81 

4.19 

0.150 

0.165 

CASE  1-05  (TO-3) 
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BU208A,  BU209,  209A 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25  °C  unless  otherwise  noted) 




Characteristics 

Symbol 

Min. 

Typ. 

Max. 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 
(lc=  100  mAdc,  L  -  25  mHI 

E 
E 

U208A 

U209/BU209A 

VcEOIsus) 

700 
800 

Vdc 

Collector  Cutoff  Current' 

(VCE  =  rated  Vces.Vbe-OI                         ALL  TYPES 

'CES 

1.0 

mAdc 

Emitter  Base  Voltage1 
<IC-  0,  lE  =  10  mAdc) 
(lc  =  0.  IE  -  100  mAdcl 

VEBO 

5 

7 

Vdc 

-' 

ON  CHARACTERISTICS' 

DC  Current  Gain 

dC  -  4.5  Adc,  Vqe"  5  Vdcl  BU208A 

(Ic51  3  Adc,  VCE  =  5  Vdc)  BU209/BU209A 

hFE 

2.25 
2.25 

Collector-Emitter  Saturation  Voltage 
llC="»-5  Adc,  lB-  2  Adc) 

(lc=  4.5  Adc.  IB=  2  Adc)  BU208A 
(lC=3  Adc.  IB- 13  Adc)  BU209/BU209A 

VCE(sat) 

5 
1 

5 

Vdc 

Base-Emitter  Saturation  Voltage 

(lc  =  4.5  Adc.  lB  =  2Adc)  BU208A 

(lc- 3  Adc,  lB=  1.3  Adc)  BU209/BU209A 

VBE(sat) 

1.5 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  Bandwidth  Product 

IIC  -  0.1  Adc,  VCE  -  5  Vdc,  ftest  -  1  MHz) 

H 

4 

MHz 

Output  Capacitance 

IVCB-10Vdc,  lE-0l,f,es,-1  MHz) 

cob 

125 

PF 

SWITCHING  CHARACTERISTICS 

Storage  Time  (see  test  circuit  fig.  1 ) 

IIC  =  4.5  Adc,  lB1- 1.8  Adc,  LB-10JiH) 

«s 

8 

us 

Fall  time  (see  test  circuit  fig.  1) 

Hc-4.6  Adc,  lB1  -1.8  Adc,  LB  =  10MH) 

M 

0.4 

MS 

Pulse  test:  PW  -  300  (iS;  Duty  cycle  «  2%. 
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BU208A,  BU209,  209A 


FLASHOVER  PERFORMANCE 

The  BU208A,  and  BU209A  are  guaranteed  to  the  following  additional 


lCPEAK  ... 
Followed  by 

VCES  PEAK 


BU208A  BU209A 

20  pulses  maximum  of 


10A 
1650V 


8A 


1850V 


Pulse  Width  <  50  MS.  Duty  cycle  <  50%. 


FIGURE  2  -  POWER  DERATING 


40  80  120 

Tc.  CASE  TEMPERATURE  CO 
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BU208A,  BU209,  209A 


BASE  DRIVE 
The  Key  to  Performance 


By  now,  the  concept  of  controlling  the  shape  of  the 
turn-off  base  current  is  widely  accepted  and  applied  in 
horizontal  deflection  design.  The  problem  stems  from 
the  fact  that  good  saturation  of  the  output  device,  prior 
to  turn-off,  must  be  assured.  This  is  accomplished  by 
providing  more  than  enough  I b  1  to  satisfy  the  lowest 
gain  output  device  hFE  at  tne  enQ"  of  scan  'CM- 
Worst-case  component  variations  and  maximum  high 
voltage  loading  must  also  be  taken  into  account. 
If  the  base  of  the  output  transistor  is  driven  by  a  very 
low  impedance  source,  the  turn-off  base  current  will 
reverse  very  quickly  as  shown  in  Fig.  3.  This  results  in 
rapid,  but  only  partial  collector  turn-off,  because  excess 
carriers  become  trapped  in  the  high  resistivity  collector 
and  the  transistor  is  still  conductive.  This  is  a  high 
dissipation  mode,  since  the  collector  voltage  is  rising 
very  rapidly.  The  problem  is  overcome  by  adding 
inductance  to  the  base  circuit  to  slow  the  base  current 
reversal  as  shown  in  Fig.  4,  thus  allowing  axcess  carrier 
recombination  in  the  collector  to  occur  while  the  base 
current  is  still  flowing. 

Choosing  the  right  Lg  is  usually  done  empirically  since 
the  equivalent  circuit  is  complex,  and  since  there  are 
several  important  variables  OcM.  'B1.  and  nFE  at  'CM'- 
One  method  is  to  plot  fall  time  as  a  function  of  Lg,  at 
the  desired  conditions,  for  several  devices  within  the 
hFE  specification.  A  more  informative  method  is  to  plot 
power  dissipation  versus  I b  1  f°r  a  range  of  values  of  Lfj- 


This  shows  the  parameter  that  really  matters,  dissip3- 
tion,  whether  caused  by  switching  or  by  saturation.  For 
very  low  Lb  a  very  narrow  optimum  is  obtained.  This 
occurs  when  hFE  ~  ^CM-  and  therefore  would  be 

acceptable  only  for  the  "typical"  device  with  constant 
ICM-  As  Lg  is  increased,  the  curves  become  broader  and 
flatter  above  the  Ibi-  hpE  ~  'CM  point  as  the  turn  off 
"tails"  are  brought  under  control.  Eventually,  if  Lb  is 
raised  too  far,  the  dissipation  all  across  the  curve  will 
rise,  due  to  poor  initiation  of  switching  rather  than 
tailing.  Plotting  this  type  of  curve  family  for  devices  of 
different  hFE.  essentially  moves  the  curves  to  the  left,  or 
right  according  to  the  relation  t b  1  -  nFE  =  constant.  It 
then  becomes  obvious  that,  for  a  specified  IcM*  an  LB 
can  be  chosen  which  will  give  low  dissipation  over  a 
range  of  hFE  and/or  Ibi  ■  The  only  remaining  decision  is 
to  pick  Ibi  high  enough  to  accomodate  the  lowest  hFE 
part  specified.  Neither  Lb  nor  Ibi  are  absolutely  critical. 
Due  to  the  high  gain  of  Motorola  devices  it  is  suggested 
that  in  general  a  low  value  of  Ibi  be  used  to  obtain 
optimum  efficiency—  eg.  for  BU208A  with  IqM  =  4.5  A 
use.lBI  *  1.5  A,  at  Iqm  =  4  A  use  I b  1  *  1-2  A.  These 
values  are  lower  than  for  most  competition  devices  but 
practical  tests  have  showed  comparable  efficiency  for 
Motorola  devices  even  at  the  higher  level  of  I b  1  ■ 
An  Lg  of  10  uH  to  12  uH  should  give  satisfactory  opera- 
tion of  BU208A  with  Icm  of  4  to  4.5  A  and  I b  1  be- 
tween 1.2  and  2  A. 


TEST  CIRCUIT  WAVEFORMS 


TEST  CIRCUIT  OPTIMIZATION 


The  test  circuit  may  be  used  to  evaluate  devices  in  the 
conventional  manner,  i.e.,  to  measure  fall  time,  storage  time,  and 
saturation  voltage.  However,  this  circuit  was  designed  to  evaluate 
devices  by  a  simple  criterion,  power  supply  input.  Excessive 


power  input  can  be  caused  by  a  variety  of  problems,  but  it  is  the 
dissipation  in  the  transistor  that  is  of  fundamental  importance. 
Once  the  required  transistor  operating  current  is  determined, 
fixed  circuit  values  may  be  selected. 


3-505 


BU208A,  BU209,  209A 


FIGURE  5  —  DC  CURRENT  GAIN  FIGURE  6  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE 


0.6 1  ' — i — i — i  miii  i  i  i  i  i  i  1 1 1       g    i  1 — i — i — r  i  i  1 1  i  i    i   i  i  i  i  1 1 

Oil  02  0.6  1.0  2.0  5.0  10  =     W  0.2  0,8    *      1.0  2.0  8,9  10 

lC,  COLLECTOR  CURRENT  (A)  S  ,g.  BASE  CUiiRENT  CONTINUOUS  IAI 


FIGURE  9  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 
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® 


BU323 
BU323A 


NPN  SILICON  POWER  DARLINGTON  TRANSISTOR 


The  BU323,  BU323A  are  monolithic  darlington  transistors 
designed  for  automotive  ignition,  switching  regulator  and  motor 
control  applications. 


VCE  Sat  Specified  at  -40°C  =  2  V  Max.  at 
IC  =  6  A. 


•  550  m J  Energy  Capability 
Tested  in  Automotive  Ignition 
Circuit. 

•  Photoglass  Passivation  for 
Reliability  and  Stability. 


16  AMPERE  PEAK 

POWER  TRANSISTORS 
DARLINGTON  NPN  SILICON 

350  •  400  VOLTS 
175  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

BU323 

BU323A 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

350 

400 

Vdc 

Collector-Base  Voltage 

VCBO 

500 

600 

Vdc 

Emitter-Base  Voltage 

VE80 

8 

8 

Vdc 

10 
16 

10 
16 

Collector  Current  -  Continuous 
Peak  (1) 

ic 

fldc 

Base  Current  —  Continuous 

'B 

3 

3 

Adc 

Total  Power  Dissipation  @  Tq  =  25°C 

?D 

175 

175 

Watts 

@  TC  =  100°C 

Derate  above  25°C 

100 
1 

100 
1 

Watts 

W/°C 

Operating  and  Storage  Junction 

Tj.  Tjtg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rejc 

1 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

tl 

275 

°c 

(1 1  Pulse  Test :  Pulse  Width  «  5  ms.  Duty  Cycle  4  10%. 

NOTES 

1  OlMfNSIONSO  AND  V  AfH  OATljMS 
J  [TJ  IS  SEATING  FLAME  AND  DATUM 
3  POSITIONAL  TOLtRANCE  FOR 

MOUNTING  HOLE  0 

|  ♦  1  H3I0WS1©  |  T  |v©  | 

fOH  LEADS 

|   ♦  |  1.1310 005) 0T  |vQ|0®1 


*  !9    0  150    0  16S 


CASE  1-05  TO  3 
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BU323,  BU323A 

ELECTRICAL  CHARACTERISTICS  (TC  =  25  °C  unless  otherwise  noted) 


|    Min.  [ 


Typ. 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Figure  1 1 
L  »  10  mH 

(IC  -  200  mAdc,  lB  -  0,  Vciamp  -  Rated  VcEO> 

BU323 
BU323A 

VCEO(sus) 

350 
400 

Vdc 

Collector-Emitter  sustaining  Voltage  (Figure  1) 
(lC  -  3  A,  RBE  =  100  Ohms.  L  ■  500  MH) 
Undamped 

BU323 
BU323A 

vCER(sus) 

400 
475 

Vdc 

Collector  Cutoff  Current 

(Rated  Vcer.  "BE  "  100  Ohms) 

'CER 

1 

mAdc 

Collector  Cutoff  Current 
(Rated  VCBO,lE-0) 

ICBO 

1 

mAdc 

Emitter  Cutoff  Current 
(VEB-6  Vdc,  lc-0) 

'EBO 

40 

mAdc 

ON  characteristics' 

DC  Current  Gain 

(lC  -  3  Adc.  VCE  *  6  Vdc) 
dC"  6  Adc,  VCE  "  6  Vdc) 
(lC-10Adc.  VCE-6Vdcl 

nFE 

300 
150 
50 

550 
350 
150 

2000 

Collector-Emitter  Saturation  Voltage 
(lC  -  3  Adc  lB  =  60  mAdc) 
(lC  -  6  Adc,  lB  •  120  mAdc) 
(lC  "  10  Adc,  lB  -  300  mAdc) 
(IC-6  Adc,  lB-  120  mAdc,  Tc  - -40  °CI 

vCE(sat) 

1.5 

1.7 
2.7 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc-6Adc,  lB- 120  mAdc) 
llc  -  10  Adc,  lB«  300  mAdc) 
llc  -  6  Adc,  I B  -  1 20  mAdc,  Tc  =  -40  °C) 

vBE(sat) 

2.2 

L 

Vdc 

Base-Emitter  On  Voltage 
(lc-10Adc,  VCE-6Vdcl 

vBE(on) 

2.5 

Vdc 

Diode  Forward  Voltage 
(lF -10  Adc) 

Vf 

2 

3.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB  «  10  Vdc,  lE  -  0,  f,M,  -  100  kHz) 

Cob 

165 

350 

PF 

SWITCHING  CHARACTERISTICS 

Storage  Time 

<Vcc"  12  Vdc. 
lC  -  6  Adc, 

■  B1  -  <B2  "  0  3  Adc)  Fig.  2 

<s 

7.5 

15 

M« 

Fall  Time 

tf 

5.2 

15 

Mi 

FUNCTIONAL  TESTS 

Second  Breakdown  Collector  Current  with 
Base-Forward  Biased 

'S/B 

See  Figure  10 

Pulsed  Energy  Test  (See  Figure  1 2) 

2 

550 

mj 

1  Pulse  Test:  Pulse  Width  -  300  Ms,  Dutv  Cycle  -  2%. 
FIGURE  1  - 


FIGURE  1  -  SUSTAINING  VOLTAGE  TEST  CIRCUIT 

■  o  UnclimptO 


FIGURE  2  —  SWITCHING 


TEST  CIRCUIT 
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BU323,  BU323A 


3-509 


BU323,  BU323A 


FIGURE  9  -  THERMAL  RESPONSE 


FIGURE  10  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


0  01 
0  005 


 BONDING  WIRE  LIMIT 

 THERMAL  LIMIT  ISINCLE  PULSEI  j 

  SECOND  BREAKDOWN  LIMIT 


10  20      30         50     70     100  200  300 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTSI 


Si 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q— Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  10  is  based  on  Tc  =  25°C;  Tjfpk)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  3?  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  the  voltages  shown  on  Figure  10  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 1. 

Tj(pk)  may  he  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


FIGURE  11  -  POWER  DERATING 
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80  120  160 

TC.  CASE  TEMPERATURE  (°C| 


FIGURE  12  -  IGNITION  TEST  CIRCUIT 

inductive  low) 


Vcc    tGVdc  o 


4O0V(flU323A) 
ar  \Z  -  70  mA 


H  10  be  selected  such  thai  lC  reach*  10  Adc  belore  twitch-lilt. 

NOTE    F  19ns  12  ipecif.eten.igy  handliru;  capabilmei  ill  an  automotive  lon.non  c, 
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MOTOROLA 


BU323P 
BU323AP 


Collector 
O 


The  BU323P,  BU323APare  monolithic  darlington  transis- 
tors designed  for  automotive  ignition,  switching  regulator 
and  motor  control  applications. 


Collector-Emitter  Sustaining  Volta- 
ge -  VCEr  (SUS)  =  475  Vdc  (Min. 
BU323AP) 

125  Watts  Capability  at  50  Volts 
VCE  Sat  Specified  at  -40°C  =  2  V 
Max.  at  lc  =  6  A  Baie^ 
550  mJ  Energy  Capability  Tested 
in  Automotive  Ignition  Circuit 
Photoglass  Passivation  for  Reliabi- 
lity and  Stability 


as  30 
— WAr- 


6 

Emittc 


DARLINGTON 
NPN  SILICON 
POWER  TRANSISTORS 

350  &  400  VOLTS 
125  WATTS 





MAXIMUM  RATINGS 


Symbol 

BU323P 

BU323AP 

Unit 

Rating 

Collector-Emitter  Voltage 

VcEOlsusI 

200 

250 

Vdc 

Collector-Emitter  Voltage 

Vcev 

300 

350 

Vdc 

Emitter  Base  Voltage 

Veb 

r 

Vdc 

Collector  Current  -  Continuous 
-  Peak  (1) 

lc 
'cm 

50 
100 

40 
80 

Adc 

-  Overload 

5 

Base  Current  -  Continuous 
-  Peak  (1) 

10 

16 

Adc 

k 

Ism 

Total  Power  Dissipation  -  Tc  =  25°C 

Pd 

125 

Watts 

-Tc  -  100°C 

Derate  above  25°C 

100 
1 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  T„„ 

-65  to  +200 

•c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Man 

Unit 

Thermal  Resistance, 
Junction  to  Case 

1 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 
Ye"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1)  Pulse  Test:  Pulse  Width 


6  ms.  Duty  Cycle  s  10 


Millimeters 

INC 

HES 

DIM 

min 

MAX 

MIN 

MAX 

* 

2032 

21.08 

0  800 

0.B30 

1 

1549 

15.90 

OEI0 

0.626 

C 

4  19 

5.08 

0  165 

0  200 

0 

102 

1  65 

0.040 

0.065 

E 

MS 

1.GS 

0053 

0.065 

B 

5.21 

5.72 

0205 

0  225 

241 

3.20 

0.095 

0.126 

J 

0  38 

0  64 

0015 

0.025 

I 

12.70 

15.49 

0  500 

0.610 

1 

1588 

16  51 

0.625 

0650 

w 

12.19 

T2  70 

0  480 

0  500 

0 

4.04 

4  22 

0  159 

0.168 

CA 

SE  340-01 

(TO-21BACI 
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BU323P/BU323AP 

ELECTRICAL  CHARACT 


Characteristic 


ERISTICS  (Tq  =  25  °C  unless  otherwise  noted)  ft^^MSI 

|  Symbol       [    Min.  |  Typ.         1    M.«.    1  Uni,  ] 


OFF  CHARACTERISTICS 


Collector-Emitter 

Sustaining  Voltage  (Figure  1) 

BU323P 
BU323AP 

VcEOIsus) 

Vdc 

L  =  1U  mt-t 

(lc  "  200  mAdc,  lB  =  0,  Vc|amp  ■  Rated  Vceo' 

350 
400 

Collector-Emitter  sustaining  Voltage  (Figure  1) 
(lc  -  3  A,  RBE  -  100  Ohms.  L  =  500  JiH) 
Undamped 



BU323P 
BU323AP 

VcER(sus) 

400 

475 

Vdc 

Collector  Cutoff  Current 

irtatea  VCER'  "BE     'UVJ  unmsj 

ICER 

1 

mAdc 

Collector  Cutoff  Current 
(Rated  VCB0.  'E  *  °l 

ICBO 

1 

mAdc 

Emitter  Cutoff  Current 
(VEB  -  6  Vdc.  IC-  01 

l£B0 

40 

mAdc 

ON  CHARACTERISTICS1 

.  . 

DC  Current  Gain 

dC"  3  Adc,  VCE  -  6  Vdc) 
dC"  6  Adc.  VCE  -  6  Vdc) 
dC"  10  Adc,  VCE  -  6  v*l 

"FE 

300 
150 
50 

550 
350 
150 

2000 

Collector-Emitter  Saturation  Voltage 
(lc-3  Adc  lB- 60  mAdc) 
(IC-  6  Adc.  IB-  120  mAdc) 
(IC  -  10  Adc,  lB  -  300  mAdc) 
(lc  -  6  Adc,  lB  -  120  mAdc,  Tc  -  -40  °C) 

vCEIsat) 

1.5 
1.7 
2.7 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage 
llc  -  6  Adc,  1 B  -  1  20  mAdc) 
(lc  -  10  Adc,  lB  -  300  mAdcl 
(lc  -  6  Adc.  IB  -  120  mAdc.  Tc"  -40  °C) 

VBE(sat) 

2.2 
3 
2.4 

Vdc 

Base-Emitter  On  Voltage 
(lc«  10  Adc.  VCE  -  6  Vdc) 

VBE(on> 

2.6 

Vdc 

Diode  Forward  Voltage 

Vf 

Vdc 

(lF  -  10  Adc) 

2 

3.5 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  -  0,ftes,  -  100  kHz) 

Cob 

165 

350 

PF 

SWITCHING  CHARACTERISTICS 

Storage  Time 

IVcc«12Vdc. 
IC  =  6  Adc, 

■  B1  -  '82  '  0.3  Adc)  Fig.2 

»s 

7.5 

15 

Us 

Fall  Time 

'f 

5.2 

15 

IJs 

FUNCTIONAL  TESTS 

Second  Breakdown  Collector  Current  with 
Base-Forward  Biased 

'S/B 

See  Figure  10 

Pulsed  Energy  Test  (See  Figure  121 

'C2L 
2 

550 

mj 

1   Pulse  Test:  Pulse  Width  -  300  (A,  Duty  Cycle  =  2%. 

FIGURE  1  -  SUSTAINING  VOLTAGE  TEST  CIRCUIT 

FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 

■    II-  r 
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BU323P/BU323AP 


FIGURE  3  —  DC  CURRENT  GAIN 


FIGURE  4  -  COLLECTOR-SATURATION  REGION 


0  1        0.2      0.3       0.5    0.7      1  2  3 

IC.  COLLECTOR  CURRENT  IAMP) 


FIGURE  5  -  COLLECTOR-EMITTER 
SATURATION  VOLTAGE 


0.002       0.005   0.01    0.002       0.05     0.1  0.2 
IB.  BASE  CURRENT  (AMP) 


D.5        1  2 


FIGURE  6  -  BASE  EMITTER  VOLTAGE 


t  10 

s  03 

S  0.B 

S  07 

"  05 


- 

/ 

IC'lB 

50 

Tj-2 

•c 

/- 

Tj- 

-40  °C 

0.5  1.0  2.0 

IC.  COLLECTOR  CURRENT  [A) 


5        0.1  0.2 


1 

Tj-2! 

"C 

/ 

T 

•-40"C 

0.5  1.0  2.0  5.0  10 

IC.  COLLECTOR  CURRENT  (A) 


FIGURE  7  -  TURN-OFF  SWITCHING  TIME 


FIGURE  8  -  COLLECTOR  CUTOFF  REGION 


0.5    0.7     I  2       3         5  7 

IC.  COLLECTOR  CURRENT  (AMP! 


0  «0.2  -tO.4  *0.6 

VBE.  BASE  EMITTER  VOLTAGE  [VOLTSI 
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BU323P/BU323AP 


FIGURE  10  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


 BONDING  WIRE  LIMIT 

 THERMAL  LIMIT  (SINGLE  PULSEI  j 

  SECONO  BREAKDOWN  LIMIT 


10  20      30         50     70     100  100  300, 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTSI  • 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  IC"VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  10  is  based  on  Tq  =  25°C;  Tj(p|<)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  10  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 1. 

Tj(nk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


FIGURE  11  -  POWER  DERATING 


40  80  120  160 

Trj.CASE  TEMPERATURE  l»CI 


FIGURE  12  -  IGNITION  TEST  CIRCUIT 

I nduc live  load 


V;  --350VI8U323P,) 
4O0V1BU323AP) 
iMZ  -  20  mA  '      .  _ 


i|  id  bewlKwt  wen  ih»t  lc  rMehw  10  Adt  bc'ort  switch  of 

NOTE    F-ou.*  M  sQtdi'H  ene(,v  handling  c«ib>m>et  m  an  automotive  gn.t.on  cuctiii 
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MOTOROLA 


BU326 
BU326A 


HIGH  VOLTAGE  NPN  SILICON  TRANSISTOR 


.  .  .  Designed  for  use  in  the  switch-mode  power  supplies  of  colour 
television  receivers. 

•  Collector  Emitter  Voltage  VcES  =  80°  v  and  9°0  v 

•  Collector  Current  lr  =  6  A  DC 

•  Low  collector  emitter  saturation  voltage 

VCE  (sat)  =  3V  max.  at  Ic  -  4  A 

•  Fall  time  at  lc=  2.5  A 

Tf  =  1  J«  max.  at  Tq  "  100  °C 


6  AMPERES 


NPN  SILICON 
POWER  TRANSISTORS 


376,  400  VOLTS 
90  WATTS 


MAXIMUM  RATINGS 


THERMAL  CHARACTERISTICS 


Rating 

Symbol 

BU326 

BU326A 

Unit 

Collector-Emitter  Voltage 

vCEO  Isusl 

375 

400 

Vdc 

Collector-Emitter  Voltage 

VCES 

800 

900 

Vdc 

Emitter  Base  Voltage 

VEB 

10 

Vdc 

Collector  Current  -  Continuous 
-  Peak1 

'C 
'CM 

6 
8 

Adc 

Base  Current  -  Continuous 
-  Peak' 

'B 

'bm 

2 
3 

Adc 

Reverse  Base  Current  20  ms  max. 

-  Peak  during  turn  off 

ib 
'bm 

100 

3 

mA 
A 

Total  Power  Dissipation 
Derate  above  25  °C 

Pd 

90 

0.6 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  +175 

°c 

1  Pulse  Test:  Pulse  Width  -  5  ms.  Duty  Cycle  <  10%. 


Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case 

"9jc 

1.65 

"CAN 

c 

F  - 
-      J  - 

/V 

X  1 

NOTES 

V  DIMENSIONS  0  AND  V  ARE  DATUMS 
2  m  IS  Sf  AT  IMG  PLANE  AND  DATUM. 
3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOlf  0: 

j  ♦  |  t  H  (OOPS)  ©  |  T  |v©1 

FOR  LEADS:  

|  ♦  |  H3IO.M5I0T  1  v©|  0©| 


DIM 

MILLIMETERS 

INCHES 

MIN  1  MAX 

MIN 

MAX 

A 

33.37 

1.550 

e 

-    1  ZI.0S 

osib 

e 

6  35  J.62 

0  250 

0.300 

D 

0  9!  1  109 

n 

0.043 

E 

-     1  343 

0.135 

F 

30.15  BSC 

i  it 

BSC 

E 

10.92  BSC 

0.430  ISC 

5  4*  BSC 

0.215  asr. 

i 

16.19  BSC 

0  (65  BSC 

t 

11.1(1  1 J  19 

0.44411  0  480 

0 

3.1V  1  4.19 

0.150    0 165 

R 

-  in 

0  190  1*1210 

u 

4J3      5  33 

V 

3.11  1  4.19 

0  ISO  |  0.1(4 

CASE  1-05  TO-3 
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BU326,  BU326A 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25  °C  unless  otherwise  notedl 


1 

Characteristic 

Symbol 

Min. 

|  TyP. 

|       Unit  | 

OFF  characteristics' 


Collector-Emitter  Sustaining  Voltage 

(lc=100mA,lB  =  0.  L=25mH)  BU326 

BU326A 

vCE0  (susl 

375 
400 

Vdc 

Collector-Cutoff  Current 

IVCE-800V.  VBE=0>  BU326 
(VCE  =  900  V.  VBE-0>  BU326A 

'CES 

1.0 
1.0 

mAdc 

Collector  Cutoff  Current 

(VCE  =  800  V.  VBE  -  0,  Tj  -  125°CI  BU326 
IVCE  =  900V.  VBE-0.  Tj=  125°C)  BU326A 

!CES 

2.0 
2.0 

mAdc 

Emitter  Cutoff  Current 
(VEB=  10  V.  IC  =  0I 

lEBO  mAdc 

I                   I        10  1 

ON  CHARACTERISTICS' 

DC  Current  Gain 

(IC=  0.6  A.  VCE  -  5  V) 

hFE 

30 

Collector-Emitter  Saturation  Voltage 
[lc  =  2.5A.  IB-0.25A) 
<lc  =  4.0  A,  lB  =  1.25  A) 

VCE  (sat) 

10 
3 

Vdc 

Base-Emitter  Saturation  Voltage 
HC'2.5A,  lB  =  0.25A) 
llc-  4.0  A.  IB*  1.25  A) 

VBE  (sail 

1.4 
1.6 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

llc  200  mAdc,  VCE  -  10  Vdc,  f,est  =  1.0  MHzl 

'T 

6 

MHz 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  11 

Turn  On  Time 

llc=  2.5  A.  IB1  =  0.5  A) 
(lB2=  1.0  A.  VCC  =  250  V) 

ton 

0.5 

*JS 

Storage  Time 

«s 

3  5 

(■6 

Fall  Time 

'f 

0.3 

ps 

Fall  Time 

lie  "  2.5  A,  lBi  *  0.5  Al 

llB2  =  1.0  A,  VCC  -  250  V.  TC  =  100  °CI 

tf 

1.0 

ilse  Test:  Pulse  Width  =  300  Ms.  Duty  Cycle  =  2%. 


r 
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BU326,  BU326A 


FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break 
down.  Safe  operating  area  curves  indicate  lc  VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e..  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  -  25  C;  Tj(pkJ  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  {See  AN415A) 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VI 


FIGURE  2  -  "ON"  VOLTAGES 


IC/IB  ■ 

5 

I 

VBE(sa 

VCEjs* 

I  X 

- 

r 

IC.  COLLECTOR  CURRENT  (A) 


FIGURE  4  -  RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  3  -  DC  CURRENT  GAIN 


IC.  COLLECTOR  CURRENT  IAI 


FIGURE  5  -  SWITCHING  TIMES  TEST  CIRCUIT 


,  VCC 


'si  «b 


VCC  -  !50W 
«C  .100!! 


Rr,  -  Rb  Non  inductive  resisiancei 


IC.  COLLECTOR  CURRENT  IAI 
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NPN  POWER  TRANSISTORS 

These  devices  are  high  voltage,  high  speed  transistors  for  hor- 

izontal deflection  output  stages  of  TV's  an< 

i  CRT's. 

•  High  Voltage: 

VCEV  =  330  or  400  V 

•  Fast  Switching  Speed: 

tf  =  750  ns  (max) 

•  Low  Saturation  Voltage: 

VcE(sat)  =  1-0  V  (max)  @  5.0  A 

•  Packaged  in  Compact  JEDEC  TO-220AB 

7.0  AMPERE 
NPN  SILICON 
POWER  TRANSISTORS 
60  WATTS 
150  and  200  VOLTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

BU406 

BU407 

Unit 

Collector-Emitter  Voltage 

vCEO 

200 

150 

Vdc 

Collector-Emitter  Voltage 

VcEV 

400 

330 

Vdc 

 ■ 

Collector-Base  Voltage 

vCBO 

400 

330 

Vdc 

Emitter  Base  Voltage 



VEBO 

6.0 

Vdc 

Collector  Current  —  Continuous 
Peak  Repetitive 
Peak  (10  ms| 

ic 

7.0 
10 
15 

Adc 

Base  Current 

IB 

4.0 

Adc 

Total  Device  Dissipation,  Tc  =  25°C 
Derate  above  Tq  =  25°C 

PD 

60 
0.48 

Watts 

WVC 

Operating  and  Storage 
Junction  Temperature  Range 

TJ.TStg 

-65  to  150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«JC 

2.08 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R«JA 

70 

°C/W 

Lead  Temperature  for  Soldering  Purposes: 
1/8"  from  Case  for  5.0  Seconds 

TL 

275 

°C 

HI 


u 

Dt— 


—ID' 

A, 


t  ii 


■ — L 
G 


STYLE  1: 
FIN  1  BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 

NOTES 

1  DIMENSION  H  APPLIES  TO  ALL  LEADS 

2  DIMENSION  L  APPLIES  TO  LEADS  1 
AND  3 

3  DIMENSION  Z  DEFINES  A  ZONE  WHERE 
ALL  BODY  AND  LEAD  IRREGULARITIES 
ARE  ALLOWED 

4  DIMENSIONING  AND  TOLERANCING  PER 
ANSI  YI4  5M.  1982 

5  CONTROLLING  DIMENSION  INCH 


DIM 

MILLIMETERS 

INCHES 

Mill 

MAX 

MIN 

MAX 

14  60 

1575 

0.575 

0  620 

965 

1029 

0380 

0.405 

406 

4  82 

0  160 

0  190 

064 

0  89 

0  025 

0036 

361 

3.73 

0  142 

0147 

2  41 

2.67 

0  095 

0  105 

279 

393 

0110 

0  155 

036 

056 

0014 

0  022 

12.70 

1427 

0500 

0562 

1.14 

1.39 

0045 

0  055 

4  83 

5  33 

0  190 

0210 

2  54 

304 

0.100 

0  1 20 

2  04 

2  79 

0  080 

0110 

1  14 

1  39 

0.045 

0.055 

5.97 

6  48 

0  235 

0256 

0  00 

1.27 

0.000 

0050 

1.14 

0.045 

203 

0  080 

CASE  221A-02 
TO-220AB 
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BU406,  BU407 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

BU406 
BU407 

VcEO(sus) 

200 
150 

Vdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCEV-  V8E  =  0) 
(VC£  s  Rated  VCEO  +  50  Vdc.  VBE  = 
(VCE  »  Rated  VCE0  +  50  Vdc,  VB£  = 

0) 

0,  TC  =  150X1 

ices 

5.0 
0.1 
1.0 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc.  IC  =  0) 

'ebo 

1.0 

mAdc 

ON  CHARACTERISTICS  (1) 

Collector-Emitter  Saturation  Voltage 
«C  =  5.0  Adc,  Ib  =  0.5  Add 

VcE(sat) 

1.0 

Vdc 

Base-Emitter  Saturation  Voltage 

vBE(sat) 

1.2 

Vdc 

«C  =  5.0  Adc,  Ib  =  0.5  Adc 

DYNAMIC  CHARACTERISTICS 


Current-Gain  —  Bandwidth  Product 

10 

MHz 

(IC  =  0.5  Adc,  Vce  =  10  Vdc,  ftest  =  20  MHz) 

Output  Capacitance 

Cob 

80 

pF 

(VCB  =  10  Vdc,  |E  =  0,  f  =  1.0  MHz) 

SWITCHING  CHARACTERISTICS 


Inductive  Load  Crossover  Time 

tc 

0.75 

Its 

(Vfx  -  40  Vdc,  lc  =  5.0  Adc, 
l81  =  lB2  =  0.5  Adc,  L  =  150  iM) 

BU40CT 


j  1 1  i  limn  1 1  1 1 mini     i  ii min  1 1  m min  m 

0.1  0.2     0.3   0.5       0.7    1.0  2.0     3.0       5.0    7.0    10.0  2.0     3.0       5.0    7.0    10  20     30       50     70    100  200 

t  COLLECTOR  CURRENT  IAMPSI  vCE,  COLLECTOR  -  EMITTER  VOLTAGE  IVOLTS) 
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BU426 
BU426A 


® 


HIGH  VOLTAGE  NPN  SILICON  TRANSISTOR 

designed  for  use  in  the  switched  mode  power  supply  of  90°  and 
110°  colour  television  receivers. 

High  Collector-Emitter  Voltage 
VcES  =  800  V,  900  V 
Collector  Current 
IC  =  6  Adc 

Low  Collector  Emitter  Saturation  Voltage 
vCE(sat)  =3Vdc,  @lc  =  4  A,  lB  =  1.25  Adc 
Fall  Time  @lc  =  2.5  A,  Ib  (end)  =  1  A 
tf  =  0,3  usee  (typ) 


6 


TRIPLE  DIFFUSED 
NPN  SILICON 


800,900  VOLTS 
113  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

BU426 

BU426A 

Unit 

Collector-Emitter  Voltage 

VCEO 

375 

400 

Vdc 

Collector-Emitter  Voltage  Vgg  =  0 

VCES 

800 

900 

Vdc 

Emitter-Base  Voltage 

veb 

10 

Vdc 

Collector  Current  —  Continuous 
-  Peak 

ic 

6 
12 

Adc 

Bass  Current 

i"b 

2.0 

Adc 

Total  Device  Dissipation  @  Jq  =  25°C 
Derate  above  25°C 

113 
0.90 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  T«tg 

-65  to  150 

°C 

THERMAL  CHARACTERISTICS 


Char.ctoristic 

Symbol 

Mix. 

Unit 

Thermal  Resistance,  Junction  to  Csse 

9JC 

1.1 

FIGURE  1  -  POWER  DERATING 


\ 

—  

- 

50  75  100 

Tfc  CASE  TEMPERATURE  ("CI 


125 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

2032 

21  09 

0.800 

0930 

g 

15.49 

15.90 

0610 

0.626 

c 

4.19 

5.09 

0  165 

0  200 

0 

1.02 

1.65 

0.040 

0065 

E 

1.35 

1  65 

0.053 

0065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0126 

J 

0.39 

064 

0015 

0  025 

K 

12.70 

15  49 

0500 

0610 

L 

15  69 

16.51 

0.625 

0650 

N 

12.19 

1270 

0.480 

0  500 

0 

4.04 

4.22 

0.159 

0  166 

CASE  34<M>1 

(TO-218AC1 
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BU426 
BU426A 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  notedl 

Characteristic  |     Symbol     |        Min  Typ  Ma»       |  Uiul 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  See  Figure  8  BU426 
(IC  -  100  mA,  L  =  25  mH|  BU426A 

VCEO 

375 
400 

Collector-Cutoff  Current 

(VCES  =  Rated  Value,  Tc  =  25°CI 
IVCES  =  Rated  Value,  Tc  =  125°C> 

ICES 

1.0 

2.0 

mAoc 

Emitter  Cutoff  Current 

VEB  =  10  Vdc,  IC  =  01 

IEB0 

10 

mAdc 
 , 




DC  Current  Gain 

HC  =  0.6  Adc,  VCE  =  5  Vdc) 

hFE 

30 

Collector-Emitter  Saturation  Voltage 
(IC  =  2  5  Adc,  IB  »  0.5  Adc) 
UC  =  4  Adc,  IB  =  125  Adc) 

vCE(sall 

1.5 
3 

Base-Emitter  Saturation  Voltage 
UC  =  4  Adc,  IB  =  1 .25  Add 

VBEIsall 

1.6 

vat 

HC  -  2.5  Adc,  IB  -  0.5  Adc) 

1.4 

DYNAMIC  CHARACTERISTICS 


Currant  Gain  —  Bandwidth  Product 

«T 

MHi 

(IC=  0.2   Adc,    Vce  =  10  Vdc,  ftest=  1.0  MHz) 

6 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 


Turn  on  Time 

(IC  =  2.5  A,  lB1  =  0.5  Al 
(lB2=  10  A,  VCC=  260  VI 

xon 

0.2 

0.6 

Storage  Time 

>S 

2 

3.5 

Fall  Time 

tj 

0.5 

Fall  Time 

(lC=  2.5  A,  lB1=  0.5  A) 

(lB2=  10  A,  Vcc=  260V,TC=  950C) 

>i 
'i 

0.75 

3-521 


BU426 
BU426A 


FIGURE  2  —  DC  CURRENT  GAIN 


FIGURE  3  -  "ON  VOLTAGE" 
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Tj  .  m«c 

1.0 

< 

a  0.8 
> 
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0.4 
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■  VBEIUI)  (5 
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X 

y 
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<C.  COLLECTOR  CURRENT  (A) 


>C.  COLLECTOR  CURRENT  (A) 


lC.  COLLECTOR  CURRENT  Ul 


'C.  COLLECTOR  CURRENT  (Al 


FIGURE  6  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


-8U42B  ■ 
BU42B4 


There  are  two  limitations  on  Hie  power  handling  ability  nl  a 
transistor  average  junction  tcm|>eralurp  and  smonrl  brpak 
down  Safe  operating  area  curves  indicate  <C  VCE  limits  of 
Ihe  transistor  (hat  must  be  observed  for  reliable  operation 
i.e  .  the  transistor  must  not  he  subjected  to  greater  dissipa 
tion  than  the  curves  indicate. 

The  data  of  figure  6  is  based  on  Tj(pk)  1 50°C.  Tc  is  variable 
depending  on  conditions  Second  breakdown  pulse  hrniis 
are  valid  for  duty  cycle*  to  10°/o  provided  Tj(p|<)  c  t50°C 
TJlpkl  '"av  be  calculated  from  the  data  in  figure  7  At  high 
case  temperatures,  thermal  limitations  will  reduce  the  power 
thai  can  be  handled  to  values  less  than  the  limitations 
imposed  hy  second  breakdown  (See  AN  4I5A) 


vCE.C0UFCtnn  fniiiter  voiranf  ivi 


BU426 
BU426A 


3-523 


BU500 


MOTOROLA 


HORIZONTAL  DEFLECTION  TRANSISTOR 


.  specifically  designed  for  use  in  large 
screen  color  deflection  circuits 


•  VCEX  =  1500  V; 

VcEO(sus)  =  700  V  (min.) 


•  Low  saturation: 

VCE(sat)  =  1  V  (max.)  @lc  =  4.5  Adc 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEOfsusl 

700 

Vdc 

Collector-Base  Voltage 

vCBO 

1500 

Vdc 

Emitter-Base  Voltage 

vEBO 

5 

Vdc 

Collector-Emitter  Voltage  IVgr;  =  -2.0  V) 

VCIEX 

1500 

Vdc 

Collector-Current  -  continuous 

-  peak  IpwOOO^s) 

ic 

I  CM 

6 
16 

Adc 
Apk 

Base-Current  continuous 

Ib 

4 

Adc 

Total  Power  Dissipation  (^Tq  —  25 °C 

75 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance.  Junction  to  Case 

9JC 

1.66 

°C/W 

FIGURE  1  -  POWER  DERATING 


TC.  CASE  TEMPERATURE  (  C) 


6  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

1500  VOLTS 
75  WATTS 


NOTES 

1  DIMENSIONS  0  AND  V  ARE  OATuMS 

2  ITl  IS  SEATING  HH  AND  DATUM 

3  POSITIONAL  TOLERANCE  F0« 
MOUNTING  HOLE  0 

|  »  [  >  13  10.0051©  |  T  |v©~] 

FOR  LEADS  

|  ♦  |  tl3IOQ»l©T  |  V©  [  Q®  | 

4  DIMENSIONS  A  NO  T0LE  H  ANCES  PE  Ft 
ANSI  VU  5.  1373 


DIM 

MILLIMETERS 

INCHES 

MIX 

MAX 

MIN  MAX 

* 

39.3 1 

1.550 

■  if. 

0B30 

C 

tis 

1.62 

n ;  bt 

0  300 

D  097 

109 

0  038 

oo*:> 

E 

3*3 

0  135 

F 

JO  .1 

BSC 

1  187  BSC 

G 

10  3 

BSC 

0  430  BSC 

H 

54 

BSC 

0  ? 1 5  BSC 

lie 

BSC 

0  665  BSC 

K 

11  18 

12.19 

CM!) 

0  480 

0 

3f  1 

4  59 

0  150 

0  '  SS 

Ft 

26.67 

<D50 

«83 

b  33 

0  190 

0  210 

V 

I  |1 

4I9|0  ISO 

0  1B5 

CASE  1-05  TO  3 


3-524 


BU500 


1' 


ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


|       Symbol        1         Min.  |         M.».         |  Uni," 


OFF  CHARACTERISTICS  111 


Collector-Emitter  Sustaining  Voltage 
(IC  =  500  mAdc,  lB  =  01  L  =  10  mH 

vCE0lsusl 

700 

Vdc 

Collector  Cutoff  Current  at  Reverse  Bias: 
(VCE=  1000  V,  lE  =  0) 
(VCE=  1500  V,  lE=  0) 

!CBO 

0.02 
1.0 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  1500  V,  VBE  =  -2  V) 

(CEX 



1.0 

mAdc 

Emitter-Base  Reverse  Voltage 
llE  =100  mAI 

VEBO 

5 

V 

Emitter  Cutoff  Current 

'ebo 

mAdc 

(VEB=  4  V) 

10 

ON  CHARACTERISTICS  (II 


DC  Current  Gain 

nFE 

(lc  =  4.5Adc,  VCE  =  5  VI 

3.0 

Collector-ErTfitter  Saturation  Voltage 
(lc  =4.5  Adc,  lB  =  2  A) 

vCE(sat) 

Vdc 

1.0 

Base-Emitter  On  Voltage 

(lc=4.5Adc.  VCE  =  2A) 

vBE(on] 

1.3 

Vdc 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 


(VCC  =  100  Vdc,  lc  =  4.5  A, 
lB1-  1.5A.  IB2  -  1.5  A) 

Als 

Storage  Time 

h 

1.2 

Fall  Time 

tf 

1.0 

(II  Pulse  Test:  Pulse  Width  =  300 Duty  Cycle  <  2°/o. 


3-525 


BU522 
BU522A 
BU522B 


® 


MOTOROLA 


HIGH  VOLTAGE  SILICON  POWER  DARLINGTONS 


Power  Transistor  mainly  intended  for  use  as  ignition  circuit  output 
transistor. 


minimum  sustaining  voltage: 
VCER(sus)  =  350  V  (BU522) 
at  IC  =  1  A    400  V  (BU522A) 
425  V  (BU522B) 


•  High  S.O.A. capability: 

VCE  =  350  V  (BU522)  at  lc  =  5  A 
400  V  (BU522A,  BU522B) 

•  Low  VcE(sat)  =  2  0  V  max.  at  lc  =  4  A  (BU522A,  BU522B) 


7  AMPERES 

DARLINGTON 
TRIPLE  DIFFUSED 
POWER  TRANSISTORS 
NPN  SILICON 

37S.  425,  450  VOLTS 
75  WATTS 


MAXIMUM  RATINGS 


THE' 


V.AL  CH, 


Rating  Symbc 

I 

BU522 

BU522A 

BU522B 

Unit 

Collector-Emitter  Voltage  Sust. 

vCER(sus) 

360 

400 

425 

Vdc 

Collector-Emitter  Voltage 

VCER 

375 

425 

450 

Vdc 

Collector-Base  Voltage 

VCBO 

400 

450 

475 

Vdc 

Emitter-Base  Voltage 

VEBO 

5.0 

Vdc 

CollectorCurrent  -  Continuous 

ic 

7.0 

Adc 

Base  Current 

IB 

2.0 

Adc 

Total  Device  Dissipation 
@  TC  =  25°C 
Derate  above  25°C 

pd 

75 
0.60 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  150 

°C 





B 

C 
c 

ARACTERISTICS 


wnaraciensT.  ic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case 

0JC  | 

1.67 

°C/W 

100 

FIGURE  1  -  POWER  DERATING 

ION  IWI 

s 

o 

s 

£  2S 
0 

1 

20         40         SO         80         100        120        140  160 
TC  CASE  TEMPERATURE  CO 

MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

15  II 

IS  75 

0  595 

0  620 

8 

9.71 

10.03 

0385 

0  395 

C 

•  06 

482 

0  160 

0  190 

0 

064 

0  89 

0  025 

0035 

f 

361 

3.73 

0  142 

0  147 

c 

241 

267 

0.095 

0105 

H 

2  7S 

330 

0.1 10 

0.130 

J 

036 

056 

0.014 

0022 

K 

12  70 

1427 

0500 

0  562 

L 

1  14 

1.27 

0  045 

0  050 

N 

483 

5  33 

0.190 

Q-?I0 

a 

2  54 

304 

0100 

0.120 

R 

204 

2.79 

0  080 

0  no 

S 

1  14 

1.39 

0.045 

o«s 

T 

S  97 

648 

0235 

0.255 

U 

076 

1.27 

0.010 

0.050 

CASE  221A-02 


3-526 


BU522,  BU522A,  BU522B 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted) 

1  Characteristic  |     Symbol  Min.  Typ.  Max.        |  Un7l 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (See  Figure  2) 
<IC=  10  A)  See  Figure  2  BU522 

BU622A 
BUS22B 

vCER(suj) 

350 
400 
425 

Vdc 

Collector  Cutoff  Current 

(Rated  VCER,  BBE=  270  52) 

'CER 

1.0 

mAdc 

Collector  Cutoff  Current 
(Rated  VCBo.  'E  =  0) 

ICBO 

,0 

mAdc 

Emitter  Cutoff  Current 
(VEB  =5.0  Vdc,  IC  =0) 

lEBO 

40 

mAdc 

- 


ON  CHARACTERISTICS  


DC  Current  Gain 

(lc  =  2.5  Adc.  VCE  =  5  Vdc) 

hFE 

250 

Collector-Emitter  Saturation  Voltage  BU522 

(lC  =  4  Adc,  lB  =  80  mAdcl        BU522A,  BU522B 

VcE(sat) 

2.5 
2 

Vdc 

Base-Emitter  Saturation  Voltage 
He  =  4  Adc,  lB  =  80 mAdc) 

vBE(sat) 

2.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 

(lC  =  0.3  mAdc.  VCE  =  5.0  Vdc,  ftes1  =  1.0  MHz) 

h 

7.5 

MHz 

Output  Capacitance  I 

(VCB  =  10  Vdc,  <E  =0,  f  =  0.1  MHz 

Cob 

150 

PF 

3-527 


BU522,  BU522A,  BU522B 


FIGURE  2  -  SUSTAINING  VOLTAGE  TEST  VCSR  {m,t 


~TF 

-41- 

_n_n_  « 

Ui-j  1N4148        ftiTi  —  —  


t ,  to  be  selected  that  lc  reaches  3  Adc  before  switch-off 
Case  temperature  of  the  power  transistor        —  25°C 


 1 


— ; 


.  BU522 
.  BU522A 
■  BU522B 


0        too      200      ice  -«o 
VCER  (suil'  Collector  Emitter  VoltagefVolts) 


Test  conditions  of  the 


1 
_n_n_ 


Coltoctof 


B~  Clemp.no.  I 


-rfnBti'n), 

'  I  tram 


Clamping  device  characteristics: 
350  V  (BU522) 


VZ=  400V(BU522A/B)   ±  1  %  a"Z 


Clamping  duration  is  around 


20  mA 

45  usee  (BU522) 
40 //sec  (BU522A/B) 


t2  to  be  selected  that  l|_  reaches 
5  Adc  before  switch-off 

the  power 


1N4148     ♦      l™T    j  |  A 

— f — H  E  .     S  i  |    U"*  Case  temperature  of  th< 

:»  1    n270fiJ_t->lcJ_J  J    ^°»F         transistor:  Tc  =  25°C. 


FIGURE  3  -  S.O.A.  TEST 


3-528 


BU800 

(M)  MOTOROLA 


NPN  SILICON  HORIZONTAL  DEFLECTION  TRANSISTOR 
WITH  INTEGRATED  D* 


.  specifically  designed  for  use  in  large 
screen  color  deflection  circuits 


•  VqES  =  1500  V 

•  VcEO(sus)  =  700  V 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

700 

Vdc 

Collector-Emitter  Voltage  (Rre  -  01 

VCES 

1500 

Vdc 

Emitter-Base  Voltage 

VEB 

5 

Vdc 

Collector-Current  —  Continuous 
-  Peak 

ic 

'CM 

5 

10 

Adc 

Base  Current         -  Peak 

'8 

2.B 

Adc 

Total  Device  Dissipation  Tc  =  25  °C 
Derate  above  25 °C 

Pd 

60 
0.666 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  115 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case 

0JC 

1.5 

1  ' 

»c/w 

t.o 

a 

i    0  » 

B 

1 

1  " 

i 

B 

i 

£ 

1  0.2 

z 

f. 

FIGURE  1  -  POWER  DERATING 

\ 



\ 

0           25           SO            75            100        125          150          175  200 
Tc.  CASE  TEMPERATURE  CO 

NPN  SILICON 
POWER  TRANSISTOR 

1500  VOLTS 
60  WATTS 





NOTES 

1  DIMENSIONS  0  AND  V  ARE  DATUMS 

2  [TJ  IS  SEATING  PLANE  AND  DATUM 
J  POSITIONAL  TOLERANCE  FOR 

MOUNTING  HOLE  0 

|   ♦  |  113(0005)®  |  T  |V©1 

FOR  LEADS  

|  +  |  1  13  (0  0051©  T  |  V®  |  0© 


DIM 

MILLIMETERS 

INCHES 

MAX 

WIN 

MA* 

3937 

1  550 

?l  08 

0  830 

6  35 

7.6! 

0  2SO 

0300 

0  97 

1  09 

0  038 

0043 

343 

0  135 

30  1 

esc 

1  18 

BSC 

ID9 

esc 

0  430  BSC 

54 

BSC 

031 

BSC 

IE  S 

esc 

0.66 

BSC 

11  IB 

t?  in 

!,  ;i.;f. 

0  4HU 

m 

4.19 

1]  160 

4* 

26.67 

u 

4  83 

5  33 

0  190 

0210 

V 

3  8' 

4  19 

0  150 

0  166 

CASE  105  TO-3 


3-529 


BU800 


ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 

Characteristic                                       1      Symbol       I        Miiv         I        mTT         I        U^h  I 



OFF  CHARACTERISTICS 


Col  lector  Emitter  Sustaining  Voltage  ( 1 ) 

dC  - 100  mAdc,  IB  -  0.  L  '  25  mH.  Vclamp  =  800  V) 

vCEO(sus) 

700 

Vdc 

Collector  Cutoff  Current 

'VCES  =  '500  Vdc.  Rbe  -  01 

'CES 

mAdc 

Emitter  Cutoff  Current 
(Vgg  :=  5  Vdc,  lc  -  0) 

'EBO 

300 

mAdc 

ON  CHARACTERISTICS 


Diode  Forward  Voltage 
lip  =  4  Al 

vF 

2.0 

Vdc 

Col  lector- Emitter  Saturation  Voltage 
dC  -  4.5  Adc.  IB  =  2.0  Add 

VcElsat) 

Vdc 

5.0 

Base  Emitter  Saturation  Voltage 

vBE(sat) 

Vdc 

(lc     4  5  Adc,  lB  =  2.0  Add 

1.5 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 

Fall  Time 

lc  end  =4.5  A,  Vcc  =  140  V 

lB  end  =  1.8  A,  Lc  =  0.9  mH,  LB  =10/iH 

tf 

0.6  (tvp) 

3-530 


BU806 

BU807  ^ 

(M)  MOTOROLA 


NPN  DARLINGTON  POWER  TRANSISTORS 

These  Darlington  transistors  are  high  voltage,  high  speed  devices 
for  horizontal  deflection  circuits  in  TV's  and  CRT's 

•  High  Voltage:  VCEV  =  330  or  400  V 

•  Fast  Switching  Speed: 

tc  =  1.0  lis  (max) 

•  Low  Saturation  Voltage: 

vCE(sat)=  15  V  (max) 

•  Packaged  in  JEDEC  TO-220AB 

•  Damper  Diode  Vp  is  specified. 

VF  =  2.0  V  (max) 


MAXIMUM  RATINGS 

Rating 

Symbol 

BU806 

BU807 

Unit 

Collector-Emitter  Voltage 

VcEO 

200 

150 

Vdc 

Collector-Emitter  Voltage 

VcEV 

400 

330 

Vdc 

Collector- Base  Voltage 

VCBO 

400 

330 

Vdc 

Emitter-Base  Voltage 

VEBO 

6.0 

Vdc 

Collector  Current  —  Continuous 
—  Peak 

ic 

8.0 
15 

Adc 

Emitter-Collector  Diode  Current 

IF 

10 

Adc 

Base  Current 

<B 

20 

Adc 

Total  Device  Dissipation,  Tc 
Derate  above  Tq  =  25°C 

=  25°C 

PD 

60 
048 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj. 
Tstg 

-65  to  150 

«c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"8JC 

2.08 

°c/w 

Thermal  Resistance,  Junction  to  Ambient 

R9JA 

70 

°c/w 

Lead  Temperature  for  Soldering  Purposes, 
1/8"  from  Case  for  5.0  Seconds 

TL 

275 

°c 

8.0  AMPERE 

DARLINGTON 
NPN  POWER 
TRANSISTORS 

60  WATTS 
150  and  200  VOLTS 


r 


'  SECT  A  A 


—  R 


►J. 


u 


3  DIMENSION  2  DEFINES  A  ZONE  WHERE 
Ail  BODY  AMD  LEAO  tftM6ULAFtmtS 
ARE  ALLOWED 

4  DIMENSIONING  ANO  TOLERANCING  PER 
ANSI  in  iM.  1982 

5  CONTROLLING  DIMENSION  INCH 


DIM 

MILLIMETERS 

INCHES 

MID 

MAX 

MIN 

MAX 

A 

14.60 

15  75 

0  575 

0  620 

B 

9.65 

10  29 

0  380 

0  405 

C 

4.06 

482 

0 160  I  0190 

D 

0.64 

0  89 

0  025  !  0  035 

F 

361 

3  73 

0  142 

0  147 

G 

2.41 

2.67 

0095 

0  105 

H 

2.79 

393 

0  110 

0  155 

J 

0.36 

0.56 

0.014 

0  022 

K 

12.70 

1427 

0  500 

0  562 

L 

1.14 

1.39 

0.045 

0  055 

N 

4.83 

5.33 

0.190 

0210 

Q 

2.64 

3  04 

0.100 

0  1204 

R 

2  04 

2  79 

0  080 

0  110 

S 

1.14 

1.39 

0.045 

0  055 

T 

597 

6  48 

0  235 

0  255 

U 

0.00 

1  27 

0  000 

0  050 

V 

1.14 

0.045 

I 

2.03 

0  080 

CASE  221A-02 
TO  220AB 


3-531 


BU806,  BU807 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Min      |  TYIT~ 


Unit  | 


Characteristic 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1)  BU806 
|lc=  100  mAdc.  IB  =  0|  BU807 

vCE0(sus) 

200 
150 

Vdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCB0.  VBE  =  0) 

ICES 

100 

^Adc 

Collector  Cutoff  Current 
|VCE  =  Rated  VCEV.  VBE(0)(1  =  6  0  Vdcl 

'CEV 

100 

jxAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0Vdc.  IC  =  0I 

lEBO 

3.0 

mAdc 

ON  CHARACTERISTICS  (1) 

Collector-Emitter  Saturation  Voltage 
|IC  =  5.0  Adc.  IB  =  50  mAdc) 

1.5 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  =  5.0  Adc.  IB  =  50  mAdc) 

vBEIsat) 

2.4 

Vdc 

Emitter-Collector  Diode  Forward  Voltage 
(lF  =  4  0  Adc) 

VF 

20 

Vdc 

SWITCHING  CHARACTERISTICS 


Turn-On  Time 

(Resistive  Load,  Vqc  -  100  Vdc. 
Ic  =  5.0  Adc,  IB1  ■  50  mAdc, 

'on 

0.35 

Storage  Time 

's 

0.55 

e« 

Fall  Time 

lB2  =  500  mAdc) 

'f 

0  20 

MS 

Crossover  Time 
dC  -  5.0  Adc.  1  b i  =  50  mAdc.  VBE((Jff)  =  4  0  Vdc 
vclamp  =  200  Vdc.  L  ±  500  itH) 

'c 

040 

1.0 

us 

(1 )  Pulse  Test   Pulse  Widlh  S  300  „s.  Dutv  Cvcle  S  1%. 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  SAFE  OPERATING  AREA  (FBSOA) 


600  r 


400 

.-  300 
< 

us 

!-  200 


— uu 

hVCE  =  5.0V 
Tj  *  25°C 

0  2    0  3      0  5  0  7    10         2  0    3  0      5  0  70 
lC.  COLLECTOR  CURRENT  (AMPS) 


r 


10  60  100        200  300 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


3-532 


® 


BUS36 
BUS37 


SWITCHMODE  BA  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  BUS36  and  BUS37  transistors  are  designed  for  low  voltage, 
high  speed,  power  switching  in  inductive  and  resistive  circuits  where 
turn-off  times  are  critical.  They  are  particularly  suited  for  battery- 
operated  Switchmode  applications  and  driver  applications  such  as  : 


•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

Fast  Turn-Off  Times 

60  ns  Inductive  Fall  Time  -  25°C  (Typ) 
1 10  ns  Inductive  Crossover  Time  -  25°C  (Typ) 

Operating  Temperature  Range  -  65  to  +  175°C 

100°C  Performance  Specified  for  : 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents  (125°C) 


12  AMPERES 

NPN  SILICON 
POWER  TRANSISTORS 

120  &  150  VOLTS 
107  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers*  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUS36 

BUS37 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

120 

150 

Vdc 

Collector-Emitter  Voltage 

VCEV 

250 

300 

Vdc 

Emitter  Base  Voltage 

VEB 

a 

Vdc 

Collector  Current  —  Continuous 

-  Peak! 11 

—  Overload 

ic 

lOL 

12 
25 
40 

Adc 

Base  Current  -  Continuous 
-  Peakdl 

'B 

'bm 

do-  i 
15 

Adc 

Total  Power  Dissipation  -  ^c  =  25°C 
-  TC  =  100-C 

Derate  above  25°C 

107 

53 
0.71 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to*  175 

°C 

THERMAL  CHARACTERISTICS 


Unit 

Characteristic 

Symbol 

Max 

Thermal  Resistance, 

Rqjc 

1.4 

°C/W 

Junction  to  Case 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 

tl 

275 

°C 

1/8"  from  Case  for  5  Seconds 

)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  £  10%. 


(1)  P 


DIM 

MILLIMETERS 

hicmej 

MIX   1  MUX 

MAI 

A 

IS  II 

15  ti 

osss 

osn 

■ 

965 

1079 

0  3*0 

0«K 

C 

«.« 

*B2 

0  160 

0.190 

0  64 

!)  89 

0  025 

0  035 

f 

3  61 

3  71 

0  142 

0  147 

c 

2«l 

2  6? 

0095 

0  105 

H 

2  ?9 

330 

0  110 

0  130 

J 

DM 

OM 

001* 

0  022 

K 

1?  10 

M27 

0  500 

0  56! 

L 

i  14 

i  n 

0  045 

0050 

N 

ua 

in 

0  190 

0210 

C 

2  W 

304 

0  100 

0110 

« 

20* 

2  n 

0.0*0 

0  M0 

s 

11* 

.39 

0  045 

0M5 

I 

u 

I  21 

CASE  221 A  02 
TO-220 
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ELECTRICAL  CHARACTERISTICS    (Tc  =  25°C  unless  otherwise  noted) 

|  Symbol" 


Typ 


Ma« 


Unit 


OFF  CHARACTERISTICS  (II 


Collector-Emitter  Sustaining  Voltage  (Table  1 ) 

(lc  =  50mA.  IB=0)     L  =  25mH  BUS36 

BUS37 

vCEO(sui) 

120 
150 

Vdc 

Collector  Cutoff  Current 

(VcEV  =  Rated  Value,  VgEloff  1  =  1  5  Vdc) 

(VCEV  =          Value.  VBE(off)  =  Vs  Vdc.  Tc  =  125°C) 

!CEV 

0.1 
1.0 

mAdc 

Collector  Cutoff  Current 

BUS36:  VCE=60V 
BUS37  :  Vce-75  V 

'CEO 

0.05 
0.05 

mAdc 

Emitter  Cutoff  Current 
(VEB=6Vdc.  IC=0) 

!EBO 

0.1 

mAdc 

Emitter-base  breakdown  Voltage 
(lE  =  50mA-  lc  =  0> 

bvebo 

8.0 

Vdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  11) 

DC  Current  Gain 

hFE 

(IC  =  10  Adc,  VCE=2  Vdc) 
0C  =  0.5  Amp,  Vce=2  V) 

30 
50 

Collector-Emitter  Saturation  Voltage 
(lc  =  12  Amp,  lB  =  12  Amp) 

vCE(sat) 

0.8 

Vdc 

0C  =  12  Amp,  lB  =  1.2  Amp,  Tc  =  100°C) 

1.0 

Base-Emitter  Saturation  Voltage 
(lc  =  12Amp,  lB  =  1.2  Amp) 
(lc  =  12  Amp,  lB  =  1.2  Amp,  Tc  =  100°C) 

vBE(sat) 

1.8 

Vdc 

1.8 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB  =  10  Vdc,  Ie  =  0.  ftest  =  10"  khz) 

Cob 

300 

pF 

Current  Gain  -  Bandwidth  Product  (2) 

<IC  =  1.0  Adc,  VCE  =  10  Vdc,  ftest  =  '  0  MHz 

fT 

30 

MHz 

SWITCHING  CHARACTERISTICS 
Resistive  Load  (Table  1) 

Delay  Time 

IVfr*  -    inn           1^  _ 

10  A 

td 

0.07 

0.15 

m 

Rise  Time 

IB  1   =    12    A,  tp  -  30  IIS. 

Duty  Cycle  S  2%,  VBE(off)  =  5  VI 

tr 

0.15 

0.3 

Storage  Time 

ts 

0.5 

1.0 

Fall  Time 

tf 

0.12 

0.25 

Inducts  Lo-.Ctamp-UT.M.I) 

Storage  Time 

dC(pk)  =  12  A, 
IB1  =    1.2  A. 

|TC=25°C) 

»sv 

0.5 

MS 

Fall  Time 

tfi 

0.06 

Storage  Time 

VBE(off)  =  5  V. 

(TC  =  100°C) 

'sv 

0.6 

1.0 

Fall  Time 

VCE(cl)  =  100  V) 

tfi 

0.15 

0.30 

.(1)  Pulse  Test:  PW  =  300  (is  Duty  Cycle  £2%. 
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FIGURE  1  -  DC  CURRENT  GAIN 


DC  CHARACTERISTICS 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 


! 

Tj  =  1 

5* 

— 

)6°C 

—  Vce  =  20V 

^~ 

\ 

0.3     0.5  0.7     1.0       2     3      5     7     10        20    30     50  100 
lC.  COLLECTOR  CURRENT  IABPSI 


FIGURE  3  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE 


FIGURE  4  -  BASE-EMITTER  VOLTAGE 


lC,  COLLECTOR  CURRENT  (AMPS) 


0.3     0.5        1         2      3       5    7    10  20 
lC.  COLLECTOR  CURRENT  (AMPSI 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 


VRE.  BASE-EMITTER  VOLTAGE  (VOLTS) 


3-535 


BUS36,  BUS37 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VCEOtsull 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


HO 

it 

ZD 
~Z 

o 

u 


PW  Var.ad  (o  Atl 

lC  ■    100  ".A 


32  03  D4 
6B0pF 

111 


Dl  D?  03  04      1X4934  * 
6B0pF 


160 


TURN  ON  Ti 


1B|  •  dmliad  (O 

□blain  tha  'oread 

tip  E  daiirad 
TURN  OFF  T  IMC 
Uta  mduciiva  twitching 
drivajt      tna  mpm  to 
ihe  ra».»t.va  lait  circuit 


t~  (A 

"IS 
t>  > 


"-COM  "  80  mM  VCC  ■  10  V 

"ton  =  o  7  n 


Hco.l  0  05  11 
VCC     20  V 


Vc„mD     250  V 

"b  adiuitao  (o  attain  uatoad  e 


VCC    250  V 
*L    83  11 

PufseW.dth    10  mS 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


Saa  Abov«  for 
Oatailad  Condition* 


16 


i  ,  Adiuitad  f 

Obiam  l£ 


oi  n 


Tail  Equipnitni 
Scop.  -  T.ktrom. 
475  Of  Equivalent 


O-DoO 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise.  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  ! 
ments  must  be  made  on  each  waveform  to 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Ifj1  to  10%  Vc|amp 

trv  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  =  Current  Fall  Time.  90-10%  Iq 

tti  -  Current  Tail,  10-2%  Iq 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=1/2Vcclc(tc)f 
In  general.  trv  +  tfj  =*  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME.  Tsv 


FIGURE  10  -  FALL  TIMES 


ft  =  10  - 

Tc  =  100°C 

T 

C=2S»C 

 1 

IC.  COLLECTOR  CUR 
FIGURE  11a  -  TURN-OFF  TIMES  vs  FORCED  GAIN 


nnor 

n_  

  Tc  =  2S°C  — -< 

IC.  COLLECTOR  CURRENT  lAKPSI 
FIGURE  11b  -  TURN-OFF  TIMES  vs  Ib2/lb1 


10 

Bf.  FORCED  GAIN 


_Tc=  100°C_ 

i|=  12A 
"Bf  =  10 


'  '  lb2/lb, 


3-537 


BUS36,  BUS37 


SAFE  OPERATING  AREA  INFORMATION 

The  Safe  Operating  Area  figures  shown  in  Figures  1 2  and  1 3  are 


sp^Hfcd  for  «hes.  device,  under  ,he  ..,«  conditions  shown. 

FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 

30 


Vc£.  COLLECTOR  EMITTER  VOLTAGE  (VQLTSt 


FIGURE  13  -  REVERSE  BIAS  SAFE  OPERATING  AREA 


Vce.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  14  -  POWER  DERATING 


SECON 

1BREAI 

DOWN 

0 

ERATING 

  Tl 

1ERMAL 



0 

I  RAT  IN 

i 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Iq-VcE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e..  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tq  ■  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

TJ(pk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  seve  I 
means  such  as  active  clamping,  RC  snubbing,  load  li»M 
shaping,  etc.  The  safe  level  for  these  devices  is  specifitd 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  condition:  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 
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FIGURE  15  - 


FIGURE  16  -  RATED  OVERLOAD  SAFE  OPERATING  AREA 
(OLSOA) 


BUS3 



BUS36 . 

VCE.  COLLECTOR-EMITTER  VOLTAGE  {VOLTS! 


OLSOA 

OLSOA  applies  when  maximum  collector  current  is 
limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known. 

Maximum  allowable  collector-emitter  voltage  versus 
collector  current  is  plotted  for  several  pulse  widths.  (Pulse 
width  isdefined  as  the  time  lag  between  the  fault  condition 
and  the  removal  of  base  drive.)  Storage  time  of  the  tran- 
sistor has  been  factored  into  the  curve.  Therefore,  with 
bus  voltage  and  maximum  collector  current  known, 
Figure  1 6  def  ines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

OLSOA  is  measured  in  a  common-base  circuit 
(Figure  17)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 


FIGURE  17  -  OVERLOAD  SOA  TEST  CIRCUIT 


•  vCe  =  vCc  +  vbe 

•  Adjust  nukpfi  nurrsnt  tnur^B 

for  desired  \q,  tp 

F  6 
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SWITCHMODE  II  SERIES 
NPIM  SILICON  POWER  TRANSISTORS 

The  BUS  45P  transistor  is  designed  for  high-voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  is  critical.  It  is 
particularly  suited  for  line-operated  switchmode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

100  ns  Inductive  Fall  Time  —  25°C  (Typ) 

1  50  ns  Inductive  Crossover  Time  — 25°C  (Typ) 

400  ns  Inductive  Storage  Time-25°C  (Typ) 
Operating  Temperature  Range  -65  to  +150°C 
100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 


3  AMPERES 

NPN  SILICON 
POWER  TRANSISTORS 

450  VOLTS 
75  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUS  45P 

Unit 

Collector-Emitter  Voltage 

vCEOIsus) 

450 

Vdc 

Collector-Emitter  Voltage 

VcEV 

850 

Vdc 

Emitter  Base  Voltage 

6 

Vdc 

Collector  Current  -  Continuous 
-  Peak<1) 

•c 

'CM 

3 
5 

Adc 

Base  Current  -  Continuous 
-  Peakd) 

'B 
BM 

1.5 
3 

Adc 

Total  Power  Dissipation  -  Xe  f  25°C 
-  TC  =  100°C 

Derate  above  25°C 

PD 

75 

Watts 
W;°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

R0JC 

1.67 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 

1/8"  from  Case  for  5  Seconds 

TL 

275 

°C 

(1)  Pulse  Test:  Pulse  Width  =  5  ms,  Duty  Cycle  £  10%. 


U  I.T!7tv. 

JIeCTAA  I 
I  '~i    — G 


STYLE  I: 

PIN  1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

1 

9.65 

1C.29 

0  380 

0  405 

C 

4  06 

4  82 

0.160 

0.190 

0 

0  64 

0.89 

0  025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0  500 

0.562 

I 

1.14 

1.27 

0  045 

0.050 

4.83 

5.33 

0  190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0  110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

U 

0.76 

1.27 

0.050 

V 

1.14 

0  045 

CASE  221A-02 

TO  220 
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ELECTRICAL  CHARACTERISTICS    (TC  =  25°C  unless  otherwise  notedl  

Characteristic  |     Symbol     |      Mln      |  ■    Typ      |      Max  Unit 


OFF  CHARACTERISTICS  (11 


VCEO(sus) 

450 

Vdc 

Collector  Cutoff  Current 

(VCEV  -  860  V.  VBEIoff)  =  1.5  Vdc) 

(VCEV  =  850  V,  VBEIoff)  =  1.5  Vdc.  Tc  =  100°  CI 

ICEV 

0.5 
2.5 

mAdc 

Collector  Cutoff  Current 

IVCE  =  850  V,  Rbe  =  50  O,  Tc  =  100°  CI 

ICER 

3.0 

mAdc 

Emitter  Cutoff  Current 
IVEB  =  6.0  Vdc,  IC  =  0) 
'  

lEBO 

'  ' 



1.0 

mAdc 

ON  CHARACTERISTICS  ID 


DC  Current  Gain 

hFE 

6 

(IC  =  2  Adc,  VCE  =  5.0  Vdc) 

Collector-Emitter  Saturation  Voltage 
(IC  =  2  Adc,  IB  =  0.5  Add 
(IC  =  3  Adc,  IB  =  0.75  Add 
(IC  =  2  Adc,  IB  =  0.5    Adc,  Tc  =  100°  CI 

VCE(sat) 

1.0 
3.0 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  2  Adc,  IB  =  0.5  Adc) 
(IC  =  2  Adc,  IB  =  0.5  Adc,  Tc  =  100°  CI 

VBE(sat) 

1.5 
1.5 

Vdc 

SWITCHING  CHARACTERISTICS 
Resistive  Load  (Table  1 ) 


Delay  Time 

(VCC  =  250  Adc,  IC  =  2  A, 

td 

0.03 

0.05 

/is 

Rise  Time 

tr 

0.10 

0.40 

IB1  -  0.5  Adc,  tp  =  30  /is. 

Duty  Cycle  £2%,  VBE(off)  =  5.0  Vdcl 

Storage  Time 

ts 

0.40 

1.50 

Fall  Time 

tf 

0.175 

'  1 

0.50 

Inductive  Load,  Clamped  (Table  1 ) 

Storage  Time 

HCIpkl  =  2  A, 
IB  1  =0.5  Adc, 
VBEtoffl  =  5.0  Vdc, 
VCE(pk)  =  250  V) 

(Tj  =  100°C) 

tsv 

0.70 

2.0 

Crossover  Time 

tc 

0.28 

0.50 

Fall  Time 

tfi 

0.15 

0.35 

Storage  Time 

(Tj  =  25°  CI 

tsv 

0.40 

Crossover  Time 

tc 

0.15 

Fall  Time 

tfi 

0.10 

(1)  Pulse  Test:  PW  =  300  lis.  Duty  Cycle  £  2%. 
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MOTOROLA 


NPN  SILICON  POWER  TRANSISTORS 


The  BUS  46P  transistor  is  designed  for  high-voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  is  critical.  It  is 
particularly  suited  for  line-operated  switchmode  applications  such  as: 


•  Switching  Regulators 

•  Inverters 

•  Motor  Controls 

•  Deflection  Circuits  o  

Fast  Turn-Off  Times 

100  ns  Inductive  Fall  Time-25°C  (Typl 
1  50  ns  Inductive  Crossover  Time-25°C  (Typl 
400  ns  Inductive  Storage  Time-25°C  (Typ) 

Operating  Temperature  Range  -  65  to  + 1  50°C 

100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 




5  AMPERES 

NPN  SILICON 
POWER  TRANSISTORS 

450  VOLTS 
80  WATTS 


r's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUS  46P 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter  Base  Voltage 

6 

Vdc 

Adc 

Collector  Current  -  Continuous 
-  Peak (1 J 

• 

ic 

ICM 

5 
8 

   . 

oase  ^urreni  -  i^onunuous 
-  Peak  11) 

'B 
!bM 

2 
4 

Adc 



Total  Power  Dissipation 

Derate  above  25°C 

-  TC  =  25°C 

-  TC  =  100°C 

Pd 

80 

Watts 

w/°c 

Operating  and  Storage  Junction 

TJ.  Tstg 

°c 

Temperature  Range 

-65  to  +150 

THERMAL  CHARACTERISTICS 

Characteristic 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

R9JC 

1.56 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 

1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

11)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  £10%. 





1—  B— I 


STYLE  t: 

PIN  t.  BASE 

2.  COLLECTOR 

i  as* 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

0 

0.64 

0.89 

0  025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

I 

114 

1.27 

0.O45 

0  050 

■ 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

B 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

D 

076 

1.27 

OjO 

0.050 

V 

1.14 

]  04E 

CASE  221A-02 

TO  220 


BUS46P 


ELECTRICAL  CHARACTERISTICS    (TC  =  25°C  unless  otherwise  noted)  

|  Characteristic  |     Symbol     |      Win  Typ      |      Max  Unit 

OFF  CHARACTERISTICS  ( 1 ) 


Collector-Emitter  Sustaining  Voltage  (Table  1 ) 
IIC  =  100  mA.  IB  =  0) 

VCEO(sus) 

450 

Vdc 

Collector  Cutoff  Current 

IVCEV  =  850  V,  VBE(off)  =  1-5  Vdcl 

(VCEV  =  850  V,  VBEIoff)  =  1.5  Vdc,  Tc  =  100°C) 

ICEV 

0.5 
2.5 

mAdc 

Collector  Cutoff  Current 

(VCE  =  850  V.  RBE  -  50  O.  Tc  =  100°C) 

ICER 

3.0 

mAdc 

Emitter  Cutoff  Current 
(Veb  =  6.0  Vdc,  IC  =  0) 

IEBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

IS/b 

See  Figure  1  2 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1  3 

ON  CHARACTERISTICS  111 

DC  Current  Gain 

(IC  =  3.0  Adc.  VCE  =  5.0  Vdcl 

hFE 

7.0 

Collector-Emitter  Saturation  Voltage 
(IC  =  3.0  Adc.  IB  =  0.6  Add 
(IC  =  5.0  Adc,  IB  =  10  Add 
(IC  =  3.0  Adc,  IB  =  0.6  Adc,  Tc  =  100°C) 

VCE(sat) 

1.0 

Vdc 

3.0 
2.0 

Base-Emitter  Saturation  Voltage 
(IC  =  3.0  Adc,  IB  =  0.6  Adc) 
HC  =  3.0  Adc,  IB  =  0.6  Adc,  Tc  =  100°CI 

VBE(sat) 

1.5 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB  =  10  Vdc,  IE  =  0,  ftest  =  100  Khz) 

Cob 

250 

pF 

SWITCHING  CHARACTERISTICS 
Resistive  Load  (Table  11 


Delay  Time 

(VCC  =  250  Adc,  lc  =  3.0  Adc, 

td 

0.03 

0.05 

0S 

Rise  Time 

tr 

0.10 

0.40 

IB1  -  0.4  Adc,  tp  =  30  us. 

Duty  Cycle  S2%.  VBEIoff)  =  5.0  Vdcl 

Storage  Time 

ts 

- 

0.40 

1.50 

Fall  Time 

tf 

0.175 

0.50 

Inductive  Load,  Clamped  (Table  1 ) 

Storage  Time 

(ICIpk)  =  3.0  A, 
IB  1  =  0.4  Adc, 
VBEIoff)  =  5.0  Vdc, 
VCEIpk)  -  250  VI 

(TJ  =  100°C) 

tsv 

0.70 

2.0 

US 

Crossover  Time 

tc 

0.28 

0.50 

Fall  Time 

tfi 

0.15 

0.30 

Storage  Time 

(TJ  =  25°C) 

tsv 

0.40 

Crossover  Time 

tc 

0.15 

Fall  Time 

tfi 

0.10 

(1)  Pulse  Test:  PW  =  300  ^s,  Duty  Cycle  £  2%. 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR-EMITTER 
SATURATION  VOLTAGE 


01  =  5  0 


7 


Tj  =  25°C 


02  0.3  05  1  0  2  0  30  50 
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FIGURE  4  -  BASE- EMITTER  VOLTAGE 


20    30  50 


IC.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 


-0.2  0  »0.2  »0.4  »06 

VBE.  BASE  EMITTER  VOLTAGE  IVOLTSI 


300  500  1000 


3-544 


BUS46P 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


R8SOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


zo 
~z 

o 


0.02„F         100  <?*V~11V 


HP  214 

or  Equiv 
P  G 


PW  Variad  lo  Attain 

lc  -  100  mA 


20 
10(iF 


0  02  UF 
1.0  „F 


500 


J^2N6191 

! «B1 
 ©' 

|^2N5337 


TURN-ON  TIME 


'B1  1 


r 


Iq i  adjuttad  to 
obtain  tha  forced 
hpg  dos.rad 

TURN  OFF  TIME 
Um  inductiva  switching 
dri  var  os  tha  input  to 
tha  r«i«tiv«  Fast  circuit. 


Adjust  R1  to  obtain  lBi 

For  switching  and  R  Bso  A'  R2  =  0 

For  BVCEO(sus),  R2  =  » 


I- to 

£  < 


LCO(|  =  80  mH  Vcc  «  10  V 
flcoi|  *  0.7  n 


Lcoil  -  180  *JH 

Rcoii  1  o  05  n 

VCC  =  20  v 


vcl.mP  >  250  V 

hb  ad|u*ted  to  attain  desned  lB-| 


vCC  =  250  v 
RL  =  83  II 

Pulse  Width  =  10MS 


INDUCTIVE  TESTCIRCUI1 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


Saa  Abova  lor 
Dateilad  Condition* 


TUT 

O— (-T)  1N4937 
Input  VJv/  or 

Equiv  alant 


O  ■  '    •  Wv|  1  T 

2  ±  A  RS  =  6 

o.i  n 


t1  Adjusted  to 
Obtain  lc 


ii"c  J 


"F 

— i— O 


Teat  Equipment 


FIGURE  7  —  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  PEAK  REVERSE  CURRENT 
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In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Igl  to  10%  Vc|amp 

trv  *  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  =  Current  Fall  Time,  90-10%  lc 

ttj  -  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PsWT^Vcclcltelf 
In  general,  trv  +  tfj  =■  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsw)  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 
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The  Safe  Operating  Area  figures  shown  in  Figures  1 2  and  1 3  are 
for  these  devices   nder  the  test  conditions  shown. 

FIGURE  12  -  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS! 


FIGURE  13  -  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 
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SWITCHMODE  II  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  BUS  47  and  BUS  47A  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line-operated  switch- 
mode  applications  such  as : 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

60  ns  Inductive  Fall  Time-25°C  (Typ) 
120  ns  Inductive  Crossover  Time-25°C  (Typ) 

Operating  Temperature  Range  -65  to  +200°C 
100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents  (125°C) 




MAXIMUM  RATINGS 




Rating 

Symbol 

BUS  47 

BUS  47A 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

450 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

1000 

Vdc 

Emitter  Base  Voltage 

VEB 

7 

Vdc 

Collector  Currant  —  Continuous 

-  Peak  (1) 

—  Overload 

I.CM 
'OI 

9 
18 
36 

Adc 

Base  Current  -  Continuous 
-  Peakd) 

« 
IBM 

5 

10 

Adc 

Total  Power  Dissipation  -  Tq  =  25°C 
-  TC  =  100°C 

Derate  above  25°C 

PD 

150 
85.5 
0.86 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj. Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


C  h  a  r  a  c  to  ri  s  ti  c 

Symbol 

Unit 

Thermal  Resistance, 
Junction  to  Case 

Rqjc 

1.17 

°c/w 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 

1/8"  from  Case  for  5  Seconds 

275 

°c 

NPN  SILICON 
POWER  TRANSISTORS 

400  AND  450  VOLTS  (BVCEO) 
150  WATTS 
850  -  1000  V  (BVCES) 


(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  S  10%. 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers*  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


1  DIMENSIONS  Q  ANQ  V  A  HE  DATUWS 

2  m  IS  SEATING  HUt(  AND  DATUM 
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mountinc  hole  o  

|  »  |  I  mama©  |_ 


FOB  Lt  AOS 


|.13IB.WS1©T  I  V®  I  O0| 


iH  i,  ma 

DIM 

MILUME  TEAS 
HI*  MAI 

1  JS3J 

■U 

1 

'  Itfi 

i  sw 
:  :  ■■ 

I 

0  97  |  IjJ 

en;* 

■M 

G 

ID  S!  ISC 

013 

i': 

H 

J 

"I  3SC 

>-.wbsc 

■    :  ?  r  : ;  ;  5 

o;i 

!l« 

asr 

8SC 

311  <<9 

.. 

U 
V 

:  2E  6 ' 
ill     s  11 
111  I    4  13 

0  IM 

a  isc 

:  --r. 

CASE  1-05  TO-3  TYPE 
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ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  (1) 

Collector-Emitter  Sustaining  Voltage  (Table  1) 
(lC  =  200mA,lB=0l  L  =  25mH  BUS47A 

VCEO(sus) 

400 
450 

Vdc 

Collector  Cutoff  Current 
(VcEV  -  Rated  Value,  VBE(off)  =  1  -5  Vdc) 
IVCEV  =  Flated  Value,  VBE(o«l  =1-5  vdC  Tc  =  125°CI 

ICEV 

0.15 
1.5 

mAdc 

Collector  Cutoff  Current  oK°r 
(VCE  =  RatedVCEV,BBE  =  10Sl)                        T§  =  125°C 

ICER 

0.4 

3.0 

mAdc 

Emitter  Cutoff  Current 
IVEB=5Vdc,  lC=0) 

lEBO 

0.1 

mAdc 

Emitter -base  breakdown  Voltage 
llE=50mA-  lc=0) 

BVEBO 

7.0 

Vdc 

*- 

SECOND  BREAKDOWN 



Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  12 

Clamped  Inductive  SO  A  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (1) 


DC  Current  Gain 
IIC  =  6  Adc,  VCE=5Vdcl  BUS47 
(lC=5  Adc,  VCE=5  VI  BUS47A 

hFE 

7 

Collector-Emitter  Saturation  Voltage 
dC  =  6  Adc,  lB  =  1.2  Adc) 

(lC=9Adc,  lB  =  1.8Adcl  BUS47 
<lc  =  6  Adc,  lB  =  1  2  Adc,  TC  =  100°CI 
(lC  =  6  Adc,  lB  =  1  Add 

<IC=8  Adc.  IB  =  1.6  Adc)  BUS47A 
(lc  =  5  Adc,  lB  =  1  Adc.Tc  =  100°C) 

vCE(sat) 

1.5 
5.0 
2.5 
1.5 
5.0 
2.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  6  Adc,  lB  =  1.2  Adc)  RUS47 
(lC  =  6  Adc,  I B  =  1  2  Adc,  Tc  =  1 00 °C) 

dC  =  5  Adc.  IB  =  1  Adc)  BUS47A 
0C  =  5Adc,  lB  =  1  Adc,  TC  =  100°CI 

vBE(sat) 

1.6 
1.6 
1.6 
1.6 

Vdc 

■  1  

DYNAMIC  CHARACTERISTICS 



Output  Capacitance 
(VCB  =  10  Vdc.  lE=0,ftest=100Khz) 

Cob 

300 

pF 

SWITCHING  CHARACTERISTICS 
Resistive  Load  (Table  1) 

Delay  Time 

(Vcc  =  250  Vdc,  lc=6  A, 

■  B1  =12  A,  tp=30/is. 

Duty  Cycle    2   .  VBE(o(l)  =5  V) 

td 

0.05 

0.2 

cs 

Rise  Time 

«r 

0.5 

0.8 

Storage  Time 

«s 

1 

2.0 

Fall  Time 

<f 

0.2 

0.4 

Inductive  Load,  Clamped  (Table  11 

Storage  Time 

<IC(pk)=6A. 

IB1=12A,  Hui4' 

VBE(off)=5V. 

VCE(c1)=2S0V) 

(TC=25°C) 

tsv 

0.9 

m 

Fall  Time 

tfi 

0.06 

Storage  Time 

(TC  =  100°C) 

tsv 

1.0 

2.5 

Crossover  Time 

tc 

0.2 

0.5 

Fall  Time 

tfi 

0.1 

0.3 

(1)  Pulse  Test:  PW  =  300  *is,  Duty  Cycle  S  2%. 
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DC  CHARACTERISTICS 

<t»NM  Miweito  owUnuCTilS    ;-T|  SMT»R3Ta».* AHO  JA^IrtiaiJil 


FIGURE  1  -  DC  CURRENT  GAIN 


-Tj  = 

26»C" 

\ 

N 

VCE-5  0V 

i  

- 

05     0.7      1  2  3 

IC.  COLLECTOR  CURRENT  (AMPS) 


5       7        10  15 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE 


FIGURE  4  -  BASE-EMITTER  VOLTAGE 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 


VBE.  BASE  EMITTER  VOLTAGE  (VOLTS) 


06 


10 


Cob 

-T3- 

1 

10  100 
VB.  REVERSE  VOLTAGE  IV01TSI 


1000 


3-550 


BUS47,  BUS47A 


3-551 


BUS47,  BUS47A 


SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  -  Voltage  Storage  Time.  90%  lB1  to  10%  Vc|amp 

try  -  Voltage  Rise  Time.  10-90%  Vc|amp 

tfi  =  Current  Fall  Time,  90-10%  lc 

ttj  F  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PsWT^'/ZVcclc^lf 
In  general,  tr¥  +  tfj  ="  t,..  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench 
mark  for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tjy)  which  are 
guaranteed  at  100°C. 


FIGI 


INDUCTIVE  SWITCHING 


URE  9 -STORAGE  TIME 


Tc  =  250C" 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 
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FIGURE  11*  -  TURN-OFF  TIMES  vs  FORCED  GAIN 
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The  Safe  Operating  Area  figures  shown  in  Figures  1 2  and  1 3  are 
specified  for  these  devices  under  the  test  conditions  shown. 


FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 




2  5  10        20  50       100        200          600  1000 

Vce.  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI 


FIGURE  13  -  REVERSE  BIAS  SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~VcE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Jq  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

Tj(pkj  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 
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FIGURE  IS  -THERMAL  RESPONSE 
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FIGURE  16  -  RATED  OVERLOAD  S 


OVERLOAD  CHARACTERISTICS 
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OLSOA 


OLSOA  applies  when  maximum  collector  current  is 
limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus. 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known. 

Maximum  allowable  collector-emitter  voltage  versus 
collector  current  is  plotted  for  several  pulse  widths.  (Pulse 
width  is  defined  as  the  time  lag  between  the  fault  condition 
and  the  removal  of  base  drive.)  Storage  time  of  the  tran- 
sistor has  been  factored  into  the  curve.  Therefore,  with 
bus  voltage  and  maximum  collector  current  known. 
Figure  16  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

OLSOA  is  measured  in  a  common-base  circuit 
(Figure  17)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 


FIGURE  17  -  OVERLOAD  SOA  TEST  CIRCUIT 


Notes: 

•  VCE=VCC+VBE 

•  Adjust  pulsed  current  source 
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SWITCHMODE  II  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  BUS  47P/BUS  47AP  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line-operated  switch- 
mode  applications  such  as : 


•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

SO  ns  Inductive  Fall  Time-25°C  (Typ) 
120  ns  Inductive  Crossover  Time  — 25°C  (Typ) 

Operating  Temperature  Range  -65  to  +  175°C 
1 00°C  Performance  Specified  for : 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents  (125°C) 





MAXIMUM  RATINGS 


Rating 

Symbol 

BUS  47P 

BUS  47AP 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

400 

450 

Vdc 

Collector-Emitter  Voltage 

Vqev 

850 

1000 

Vdc 

Emitter  Base  Voltage 

VEB 

7 

Vdc 

Collector  Current  —  Continuous 

-  Peak  (1) 

—  Overload 

ic 
'cm 

9 
18 
36 

Adc 

Base  Current  -  Continuous 
-  Peakd) 

'B 

'bm 

5 
10 

Adc 

Total  Power  Dissipation  -  Trj  =  25°C 
-  TC  =  100°C 

Derate  above  25°C 

pd 

128 
64.5 
0.86 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  +175 

°C 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

R0JC 

1.17 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 

TL 

275 

1/8"  from  Case  for  5  Seconds 

11)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  £  10%. 


9  AMPERES 

NPN  SILICON 
POWER  TRANSISTORS 

400  AND  4E0  VOLTS  (BVCEO) 
128  WATTS 
850  -  1000  V  (BVCES) 





STYLE  1: 

1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


MILLIN 

ETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.D15 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

0 

3.94 

4.19 

0.155 

0.165 

CASE  340-01 

TO-218AC 
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ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Tvp 

Max 

Unit 

OFF  CHARACTERISTICS  ID 

Collector-Emitter  Sustaining  Voltage  (Table  1) 
(lc  =  200mA.IB=0)L  =  25mH  JjUSW^ 

vCEO(sus) 

400 
450 

Vdc 

Collector  Cutoff  Current 
(VcEV  =  Rated  Value,  VBE(off|  =  1.5  Vdcl 
•  VcEV  =  Rated  Value,  VBE(off)  =  1  5  Vdc,  TC  =  125°CI 

ICEV 

0.15 
1.5 

mAdc 

Collector  Cutoff  Current 
(VCE  =Rated  VCEV,  RBE  =  '0  n) 

TC=  25°C 
TC=125°C 

'CER 

0.4 

3.0 

mAdc 

Emitter  Cutoff  Current 
(VEB=5  Vdc.  lc  =  0l 

lEBO 

0.1 

mAdc 

Emitter-base  breakdown  Voltage 
(lE=50mA-  lC=0l 

BVEBO 

7.0 

Vdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

<Slb 

See  Figure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  111 


DC  Current  Gain 
(lC  =  6Adc.  VCE=5  Vdc) 
(lC  =  5  Adc,  VCE=5  V) 


BUS47P 
BUS47AP 


nFE 


Collector-Emitter  Saturation  Voltage 
(IC  =  6  Adc.  Ib  =  12  Add 
(IC=9  Adc.  Ib  =  18  Add 
(IC=6  Adc.  Ib  =  1  2  Adc.  Tc  =  100°CI 
dC  =  5  Adc,  Ib  =  1  Add 
(lc=8  Adc.  Ib  =  1  6  Adc) 
llc=S  Adc,lB  =  1  Adc.Tc  =  100°C) 


vCE(sat) 


1.5 
5.0 
2.5 
1.5 
5.0 
2.5 


Base-Emitter  Saturation  Voltage 
<IC  =6  Adc.  IB  =  1.2  Adc) 
(IC  =  6  Adc,  1B  =  1 .2  Adc,  Tc  =  100°C) 

llc=5Adc.  IB  =  1  Adc) 

(lc  =  5Adc,  lB  =  1  Adc,  TC  =  1O0°CI 


vBE(satl 


BUS47P 
8US47AP 


1.6 
16 

1.6 
1.6 


DYNAMIC  CHARACTERISTICS 


Output  Capacitance 
(VCB  =  10  Vdc,  lE  =0,  ftMt  =  100  Khz) 


- 


Cob 


300 


SWITCHING  CHARACTERISTICS 
Resistive  Load  (Table  1) 


Delay  Time 


Rise  Time 


Storage  Time 


Fall  Time 


(Vcc  =  250  Vdc,  lC=6  A, 

IB1  =1.2  A,  tp  =  30  ms. 

Duty  Cycles  2%,VBE(offl  =5  VI 


02 


2.0 


0.4 


Inductive  Load,  Clamped  (Table  II 


Storage  Time 


Fall  Time 


Storage  Time 


Crossover  Time 


'lC(pk)  =  6  A, 
lB1  =12  A, 

VBEIoffl  =5  V, 
VCE(c1l=250VI 
'CIpk^A 
lB1  =1  A 


BUS47P 


(TC  =  25°CI 


(Tc  =  100  C) 


tfi 


0.3 


(11  Pulse  Test:  PW  =  300  «s.  Duty  Cycle  S  2%. 
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FIGURE  1  -  DC  CURRENT  GAIN 
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FIGURE  2  -  COLLECTOR  SATURATION  REGION 


0.2      0.3        0.5    07      1  2  3 

lB.  0ASE  CURRENT  (AMPS) 


FIGURE  3  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE 


FIGURE  4  -  BASE-EMITTER  VOLTAGE 
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0.1 


Jj  ■  25°C_ 


03  1  3 

lc.  COLLECTOR  CURRENT  (AMPSI 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


RBSOA  AND  INDUCTIVE  SWITCHING 


Z 
HO 

it 

zo 
z 

8 


rvw  vwm  to  Attain 

IC  -  100  mA 


S3AT  M3V  fOTTBM  «  I 


TURN  ON  TIME 


lB)  adjuttod  to 
obtain  tha  tor  cad 
hf  E  daairad 
TURN  OFF  TIME 
UM  inducliv*  twitcning 
dnvar  a*  tha  input  to 


Leo„  -  80  mH  Vcc  -  10  V 
Rcoil  ■  0  711 


Vct.mp     2S0  V 

Rq  adguitad  to  attain 


Vcc=  250  V 
RL  -  83  11 

Poise  W«Jih=  10Ps 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


S*a  A  t>ov«  tor 
Oat  ail  ad  Condit 


r  ti 

i  <  I "«»» 

} 1N4937  , 

-  'V 

vc)amp  2 

o.i  n 

t1  Adiuiiad  t 
Obtatn  ic 


I— z— I 


LCOll"Cpk» 


Ta»t  Equipmtn 
Scop*  -  T«*troni« 
475  or  Eguivium 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  let  to  10%  Vc|amp 

try  =  Voltage  Rise  Time.  10-90%  Vc|amp 

tfi  *  Current  Fall  Time,  90-10%  lc 

ttj  -  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PsWT^VrxIcUelf 
In  general.  trv  +  tfi     t,..  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 
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FIGURE  11a  -  TURN-OFF  TIMES  n  FORCED  GAIN 
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The  Safe  Operating  Ares  figures  shown  in  Figures  1 2  and  1 3  sre 
specified  for  these  devices  under  the  test  condition,  shown. 

FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


2  5  10        20  BO       100        200          500  1000 

VCE.  COLLECTOR-EMITTER  VOLTAGE  IV0LTSI 

FIGURE  13  -  REVERSE  BIAS  SAFE  OPERATING  AREA 


VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

FIGURE  14  -  POWER  DERATING 


SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc_vCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

TJ(pk)  rtiay  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  R8SOA  characteristics. 
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FIGURE  IB  —  THERMAL  Rl 


OVERLOAD  CHARACTERISTICS 


FIGURE  16  -  RATED  OVERLOAD  SAFE  OPERATING  AREA 
IOLSOAI 
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OLSOA  applies  when  maximum  collector  current  is 
limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus. 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  isalso 
known. 

Maximum  allowable  collector-emitter  voltage  versus 
collector  current  is  plotted  for  several  pulse  widths.  (Pulse 
width  is  defined  as  the  time  lag  between  thefaultcondition 
and  the  removal  of  base  drive.)  Storage  time  of  the  tran- 
sistor has  been  factored  into  the  curve.  Therefore,  with 
bus  voltage  and  maximum  collector  current  known, 
F  igure  1 6  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

OLSOA  is  measured  in  a  common-base  circuit 
(Figure  17)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current-  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 


FIGURE  17-  OVERLOAD  SOA  TEST  CIRCUIT 


Notes: 

•  VCE=Vcc+VBE 

•  Adjust  pulsed  current  source 

for  desired  Iq,  tp 


VCC 
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MOTOROLA 


SWITCHMODE  II A  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  BUS  48  and  BUS  48A  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line-operated  switch- 
mode  applications  such  as: 


•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

60  ns  Inductive  Fall  Time-25°C  (Typ) 
120  ns  Inductive  Crossover  Time-25°C  (Typ) 

Operating  Temperature  Range  -65  to  +200°C 
100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents  (125°C) 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUS  48 

BUS  48  A 

Unit 

Collector-Emitter  Voltage 

VCEOIsusI 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

1000 

Vdc 

Emitter  Base  Voltage 

VEB 

7 

Vdc 

Collector  Current  -  Continuous 

-  Peak!  1 1 

-  Overload 

'C 
'CM 
'OL 

15 
30 
60 

Adc 

Base  Current  -  Continuous 
-  Peakd) 

'B 

'bm 

5 

20 

Adc 

Total  Power  Dissipation  -  Tc  »  25°C 
-  TC  =  100-C 

Derate  above  25°C 

Pd 

175 
100 

1.0 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ- Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Man 

Unit 

 1 

Thermal  Resistance, 
Junction  to  Case 

■  

"0JC 

1.0 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 

1/8"  from  Case  for  5  Seconds 

\ 

275 

°c 

15  AMPERES 
NPN  SILICON 
POWER  TRANSISTORS 

400  and  450  VOLTS  IBVCEOI 
850  -  1000  VOLTS  (BVCESI 
175  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers*  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  S  10%. 


B  - 

t 


T 


CAH  COLLECTOR 


1  DIBENSIONSOANOVANEOAIUIK 

2  m  IS  St  ATI1&  H.AME  AND  OATUNI 

3  POSITIONAL  TOLERANCE  FO* 

HOUWTmGHOtEQ  

|  »  1*13  tOOOSl  ©  1  T  [  V©"| 
*0B  LEAM  

|  ♦  |  l  inigwQT  |  vQl  o©| 

lfWI0I.S  MD1 


01* 

WHIM  IE  Ml  INC 

kHN 

Ml) 

;m 

C 

6  r. 

>62 

□  !VI 

0  JO 

D 

o  m  ; 

i  V 

a  ti  ■ 

ii  w  ;■ 

•  IB 

,■, 

G 

10  9 

s>; 

MC 

■  < 

esc 

[  :i 

es; 

it  s 

si . 

osr 

=1  >£ 

» 

:  ■  t 

i:  is 

: ... 

5  IK 

1 

in 

.  ii 

:  'w 

0  its 

U 

S  13 

0  W 

:  ii 

:  is; 

5  I6S 

CASE  105  TO-3 


3-562 


BUS48,  BUS48A 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Ch 

aracteristic 

Symbol 

Typ 

Unit 

OFF  CHARACTERISTICS  (1) 


Collector-Emitter  Sustaining  Voltage  (Table  1) 
(lC  =  200mA.  IB=0)  L  =  25mH  BUS48A 

vCEO(sus) 

400 
450 

Vdc 

Collector  Cutoff  Current 
IVCEV  =  Rated  Value.  VBE(off)  =1.5  Vdcl 
(VCEV  =  Rated  Value,  VBE(0ff)  ='  5  Vdc.  Tc  =  125°C> 

ICEV 

0.2 
2.0 

mAdc 

Collector  Cutoff  Current  tK°r 
(VCE  =  Rated  VCEV,RbE  =  lOtJ)                        t£  =  125°C 

'CER 

0.5 
3.0 

mAdc 

Emitter  Cutoff  Current 
(VEB=5Vdc.  IC=0) 

lEBO 

0.1 

mAdc 

Emitter-base  breakdown  Voltage 
<lE=50mA-lC=0) 

BVEBO 



7.0 



 1 



Vdc 



SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward 
Clamped  Inductive  SOA  with  Base  Reverse  Biased 


"S/b 
RBSOA 


See  Figure  12 
See  Figure  13 


ON  CHARACTERISTICS  41) 


DC  Current  Gain 
(lC  =  10  Adc.  VCE  = 
(lC=  8  Adc.  VCE  = 


5  Vdc) 
5  V) 


BUS48 
BUS48A 


hFE 


Collector-Emitter  Saturation  Voltage 
(lc  =  10Adc,  lB=2  Adc) 

(lC  =  15Adc.lB=3Adc)  BUS48 
tlc  =  10  Adc.  IB=2  Adc.  TC  =  100°C) 
(lC=  8  Adc.  lB  =  1.6Adc) 

(lc  =  12  Adc,lB  =  2.4  Adc)  BUS48A 
(lC=  8  Adc.lB  =  1.6Adc.TC  =  100°C) 


vCE[sat) 


1.5 
5.0 
2.0 
1.5 
5.0 
2.0 


Base-Emitter  Saturation  Voltage 
<lc  =  10Adc.  lB=2Adc) 
(lc  =  10  Adc.  IB  =  2  Adc.  TC  =  100°C) 
(lC=  8  Adc.  IB  =  16  Adc) 
dC=  8  Adc.  IB  =  1.6  Adc.Tc  =  100°C) 


vBE(sat) 


BUS48 
BUS48A 


1.6 
1.6 
1.6 
1.6 


DYNAMIC  CHARACTERISTICS 


Output  Capacitance 
(VCB  =  10  Vdc.  IE=0,  ftest=100Khz) 

Cob 

350 

pF 

SWITCHING  CHARACTERISTICS 
Resist, ve  Load  (Table  II 


Delay  Time 

(VCC  =  250  Vdc,  lc  =  10  A, 
lB1  =2.0  A,  tp=30us. 
Duty  Cycle  <  2°/o  ,  VBE(off|  =5  V) 

<d 

0.1 

0.2 

us 

Rise  Time 

«r 

0.4 

0.7 

Storage  Time 

«» 

1.3 

2.0 

Fall  Time 

'f 

0.2 

0.4 

Inductive  Load.  Clampad  (Table  1) 


Storage  Time 

<lC(pk)=10A. 

(TC  =  25°C) 

tsv 

1.3 

Fall  Time 

<fi 

0.06 

IB1=2.0A, 
VBE(off)=5V. 
VCE(C1)  =  250V) 

1  

Storage  Time 

(TC  =  100°C) 

tsv 

1.5 

2.5 

Crossover  Time 

*0 

0.3 

0.6 

Fall  Time 

tfi 

'  

0.17 

'  1 

0.35 

1  

11)  Pulse  Test:  PW  =  300  vs.  Duty  Cycle  S  2%. 
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BUS48,  BUS48A 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VcEO(w»l 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


HO 

EE 
zo 
z 
o 


PW  Varied  to  Attain 
lc  -  100  mA 


6B0|>F  100 


TUflN  ON  TIME 


'BIT 


r' 


Ibi  edjutted  to 
obtain  the  forced 

"FE  deiired 

TURN  OFF  TIME 
Um  inductive  twitching 
driver  M  the  input  to 
the  reiiitive  tait  circuit. 


■  80  mM  Vcc  =  10  V 

■  o  i  n 


Lco.l  ~  >80^H 
RCOP,     0  05  n 

VCC  =  20  V 


Vcc  =  250  V 
H(_  =  63  11 

Pul*e  WKfth --  10  t.s 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


See  Above  for 
Detailed  Condition* 


tj  Adjutted  i 

Obllin  lc 


O  1  ' — O-WV-y-l  J 

3  ^A«s-A 


1  / 

1 

I.—  I — >2 — I 


■-ca.i"Cp»' 
"  *  vcc 

'-co.'I'C,,,' 


Tett  Equipment 
Scope  -  T ah  iron.* 
475  or  Equivalent 


F 

jllcc 

♦  o 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  PEAK-REVERSE  CURRENT 


£  6 


1  ■ 

A  -  5 

lC  - 

0  A 

0  1  2  3  4  5  6 

"BEIoff).  BASE  EMITTER  VOLTAGE  (VOLTS) 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise.  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time.  90%  I  b  1  10  10%  Vclamp 

tr,  -  Voltage  Rise  Time.  10-90%  Vc|amp 

tfj  "  Current  Fall  Time.  90-10%  lc 

ttj  -  Current  Tail.  10-2%  lc 

tc  -  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PsWT^tfVcclclV-M 
In  general,  trv  +  tfj  *■  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMOOE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME.  Ttv 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 


c  =  100° 

c 

1  1 

— —  Tr  =75°C 

»=5 

>C.  COLLECTOR  CURRENT  (AMPS) 
FIGURE  11a  -  TURN-OFF  TIMES  ys  FORCED  GAIN 


1C.  COLLECTOR  CURRENT  (AMPS) 
FIGURE  lib  —  TURN-OF F  TIMES  n  Ib2/lbl 


I        I         3        4        i         6        7  I 
B|.  FORCED  GAIN 
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The  Safe  Operating  Area  figures  shown  in  Figures  1 2  and  1 3  are 


SAFE  OPERATING  AREA  INFORMATION 


FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


12  S         10        20  so        100      200  M0  10( 

Vce.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 

FIGURE  13  -  REVERSE  BIAS  SAFE  OPERATING  AREA 
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)  =  5V 
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>C'IB1 

I  

>5 

Vce.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  14  -  POWER  DERATING 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Iq-VcE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tc  -  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 
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FIGURE  15  —  THERMAL  RESPONSE 
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OVERLOAD  CHARACTERISTICS 


FIGURE  16  -  RATED  OVERLOAD  SAFE  OPERATING  AREA 
(OLSOAI 
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OLSOA 

OLSOA  applies  when  maximum  collector  current  is 
limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  offwithin  a  specified 
amount  of  time,  the  magnitude  of  collector  current  isalso 
known. 

Maximum  allowable  collector-emitter  voltage  versus 
collector  current  is  plotted  for  several  pulse  widths.  (Pulse 
width  isdef  ined  as  the  time  lag  between  thefaultcondition 
and  the  removal  of  base  drive.)  Storage  time  of  the  tran- 
sistor has  been  factored  into  the  curve.  Therefore,  with 
bus  voltage  and  maximum  collector  current  known. 
Figure  1 6  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

OLSOA  is  measured  in  a  common-base  circuit 
(Figure  18)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 

FIGURE  18  -  OVERLOAD  SOA  TEST  CIRCUIT 


VCC 


•  VCE  =  VCC+VBE 

•  Adjust  pulsed  current  source 

for  desired  Irj,  tp 
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SWITCHMODE  II*  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  BUS  48P/BUS  48AP  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  f 
time  is  critical.  They  are  particularly  suited  for  line-operated  s 
mode  applications  such  as: 


•  Switching  Regulators 

3 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

60  ns  Inductive  Fall  Time— 25°C  (Typl 
120  ns  Inductive  Crossover  Time— 25°C  (Typ) 

Operating  Temperature  Range  -65  to  +  175°C 
10O°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents  (125°C) 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUS  48  P 

BUS  48AP 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

1000 

Vdc 

Emitter  Base  Voltage 

VEB 

7 

Vdc 

Collector  Current  .-  Continuous 
'-  PeaklD 
—  Overload 

'CM 

'oi 

15 
30 
60 

Adc 

Base  Current  -  Continuous 
-  PeakU) 

IB 

Ibm 

5 

20 

Adc 

Total  Power  Dissipation  -  Tc  =  25°C 
-  TC  =  100°C 

Derate  above  25°C 

Pd 

150 

75 
1.0 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  +'175 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

Rojc 

1.0 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 

1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(11  Pulse  Test:  Pulse  Width  ■  5  ms.  Duty  Cycle  £  10%. 


BUS48P 
BUS48AP 


15  AMPERES 

NPN  SILICON 
POWER  TRANSISTORS 

400  and  450  VOLTS  IBVCEOI 
850  -  1000  VOLTS  (BVCESI 
150  WATTS 


1 


-I|Ud 


STYLE  1: 

1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


MILLIM 

ETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

12.19 

12.70 

0.480 

0.500 

Hh 

3.94 

4.19 

0.155 

0.165 

CASE  340-01 

TO-218AC 
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ELECT F 


Symbol 


Typ 


OFF  CHARACTERISTICS  (1) 


Collector-Emitter  Sustaining  Voltage  (Table  1) 
(lC  =  200mA.IB=0)  L=25mH  BUS48AP 

vCEO(sus) 

400 
450 

Vdc 

Collector  Cutoff  Current 
(VcEV  =  Rated  Value.  VflEloff)  =15  Vdc) 
<VCEV  =  Rated  Value.  VBE(off)  =1.5  Vdc,  Tc  =  125°C) 

ICEV 

0.2 
2.0 

mAdc 

Collector  Cutoff  Current  o_ 
(VCE  =  Rated  VCEV  RBE  =  10»                        TC~  25  c 

TC  =  125°C 

ICER 



0.5 
3.0 

mAdc 

Emitter  Cutoff  Current 
(VEB=5  Vdc,  lC=0) 

'EBO 

0.1 

mAdc 

Emitter  base  breakdown  Voltage 
(lE=50mA-lC=0) 

BVEBO 

7.0 

Vdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

<S/b 

See  Figure  12 

Clamped  Inductive  SO  A  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (11 


DC  Current  Gain 
(lc  =  10  Adc.  VCE  =5  Vdcl 
llC=  8Adc.  VCE=5V) 


BUS48 
BUS48A 


nFE 


Collector-Emitter  Saturation  Voltage 
(lc  =  10  Adc,  lfl=2  Adc) 
dc  =  15  Adc,  Ib  =3  Add 
(IC  =  10  Adc,  lB  =2  Adc,  TC  =  100°C) 
(lC=  8  Adc,  lB  =  1.6  Adc) 
(lC=12Adc.  IB  =2.4  Add 
(IC=  8  Adc,  lB  =  1  6  Adc.  TC  =  100°C) 


vCE(satl 


1.5 
5.0 
2.0 
1.5 
5.0 
2.0 


Base-Emitter  Saturation  Volt; 
(IC  =  10  Adc,  lB=2  Adc) 
dC  =  10  Adc,  lB  =2  Adc.  TC  =  100°C) 
(IC=  8  Adc.  IB  =  1.6  Adc) 
(1C=  8  Adc.  IB  =  1.6  Adc.  Tc  =  100°C) 


vBE(sat) 


BUS48P 
BUS48AP 


1.6 
1.6 
1.6 


DYNAMIC  CHARACTERISTICS 


Output  Capacitance 
(VCB  =  10  Vdc,  lE  =0.  ftest  =100  Khz) 

Cob 

350 

pF 

SWITCHING  CHARACTERISTICS 
Resistive  Load  [Table  1) 

Delay  Time 

<VCC  =  250  Vdc.  IC  =  10  A, 

lBf  =2.0  A,  tp=30us. 

Duty  Cycle    2   ,  VBE(off)  =5  V) 

'd 

0.1 

0.2 

J* 

Rise  Time 

V 

0.4 

0.7 

Storage  Time 

<s 

1.3 

2.0 

Fall  Time 

If 

0.2 

0.4 

Inductive  Load.  Clamped  (Table  1) 


Storage  Time 

<IC(pk)  =  10A. 
IB1  =2.0  A. 
VBE(off)=5V. 
VcE(c1l=250V) 

ITC=25°C) 

«sv 

1.3 

Us 

Fall  Time 

'fi 

0.06 

Storage  Time 

ITC  =  100°CI 

tsv 

1.5 

2.5 

Crossover  Time 

•c 

0.3 

0.6 

Fall  Time 

 «5  , 

 1 

0.17 

1  1 

0.35 



(11  Pulse  Test:  PW  =  300      Duty  Cycle  S  2%. 
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DC  CHARACTERISTICS 


1  —  DC  CURRENT  GAIN 


FIGURE  2 


COLLECTOR 


SATURATION  REGION 


90c 

It 

10 

It 

* 

VCE  =  5V 

=  5 
m 

2  3 


05 
03 


2          3  5  8     10  20        30  50 

Iq  collector  current  lamps] 


i>o.i 

0.1 


— 

1 

T 

-  5 

5 

A 

TC  -  25-C 

0.3        0.5  1  2        3  4 

lB.  BASE  CURRENT  IAMPSI 


IGURE  3  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE 


FIGURE  4  -  BASE-EMITTER  VOLTAGE 


2          1  5        2        10  20  30 

lC.  COLLECTOR  CURRENT  (AMPS) 


0.1         0.3  I  3  10 

lc.  C01LECT0R  CURRENT  IAMPSI 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


-0.4 


-0.2  0  0.2  0.4 

VBE.  BASE  EMITTER  VOLTAGE  IV0LTSI 


FIGURE  6  -  CAPACITANCE 


,  Tj-25°C 
10  I  1 — 1_ 


1  10  100 

VR.  REVERSE  VOLTAGE  (VOLTS) 


1000 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VCEOIsus) 


RESISTIVE  SWITCHING 


zo 
~z 
o 

u 


PW  v»n»d  10  Altai 

lC  =  100  mA 


TURN  ON  TIME 


hF  E  < 


TURN  Of  f  TIME 
Uh  inductive  iwnching 
driver  at  the  input  to 
trie  resistive  te»T  circuit 


<-coil  '  80  mM  VCC  =  10  V 
"coil  '07O 


Lco,|    -     .80  HH 

Rco,l  '  0  05  n 


HL  -  83  11 

Pulse  W>dih  ■■  10M 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


See  Above  lor 
Deteiied  Conditio 


'!  Adjusted  to 
Obtain  lc 


Test  Equioment 
Scope  -  Ten tr on 
475  or  Equivalent 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS  FIGURE  8  -  PEAK-REVERSE  CURRENT 


VBUoH).  BASE  EMITTER  VOLTAGE  (VOLTS) 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

t5v  *  Voltage  Storage  Time.  90%  Ibi  to  10%  Vc|amp 

trv  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfi  "  Current  Fall  Time,  90-10%  Iq 

ttj  •  Current  Tail,  10-2%  lc 

tc  ■  Crossover  Time.  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 

terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN  222 

PSWT=1/2Vcclc(tc)f 
In  general,  trv  +  tfi  =»  t,..  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME,  Tsv 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 


O.J 
OS 


rc  =  too' 

c 

1 

rc=25°c 

01-5 

2  3  5        7        10  20  30 

lc.  COLLECTOR  CURRENT  IAMPS) 

FIGURE  TURN-OFF  TIMES  «  FORCED  GAIN 


3         s      ;  to 

IC.  COLLECTOR  CURRENT  U 


FIGURE  11b  -  TURN-OFF  TIMES  vj  lb2/lb, 


Bf.  F0RCE0  GAIN 


lb2/lb, 
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The  Safe  Operating  Area  figures  shown  in  Figures  1 2  and  1 3  are 
specified  for  these  devices  under  the  test  conditions  shown 

FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


10        20  50         100  200 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTSt 


SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tc  1  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


FIGURE  13  -  REVERSE  BIAS  SAFE  OPERATING  AREA 


i  « 


3  LIS 

h 

6US4B 

Vbe  (of 

l  =  SV 

.Tc-I 
IC'lBl 

1 — 

o°c 

>5 

1 

VCE.  COLLECTOR  EMITTER  VOLTAGE  1V0LTSI 
FIGURE  14  -  POWER  DERATING 


80  120 
TC.  CASE  TEMPERATURE  TCI 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 
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FIGURE  15  -  1 


OUTV  CYCLE.  0  ■  t|/tj 

Fin 


SINGLE 
PULSE 


SJC=  1  0-C/W  Max 

0  CURVES  APPLY  FOR  POWER 

PULSE  TRAIN  SHOWN 

REAO  TIME  AT  1| 

TJ|pk)  —  Tc  ■  P{pk|  R«jcM 


0.02  0.05        0.1  0.2 


0.6        1.0         2.0  5.0  10 

I.  TIME  lira) 


OVERLOAD 

FIGURE  16  -  RATED  OVERLOAD  SAFE  OPERATING  AREA 
(OLSOAI 
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ISTICS 


50         100        200  500        MM  2000 


OLSOA 


OLSOA  applies  when  maximum  collector  current  is 
limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  withi  n  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known. 

Maximum  allowable  collector-emitter  voltage  versus 
collector  current  is  plotted  for  several  pulse  widths.  (Pulse 
width  isdefined  as  the  time  lag  between  thefault condition 
and  the  removal  of  base  drive.)  Storage  time  of  the  tran- 
sistor has  been  factored  into  the  curve.  Therefore,  with 
bus  voltage  and  maximum  collector  current  known. 
Figure  16  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

OLSOA  is  measured  in  a  common-base  circuit 
(Figure  18)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 


FIGURE  18  -  OVERLOAD  SOA  TEST  CIRCUIT 


•  VCE  =  VCC+VBE 


current 
for  desired  \q  tp 
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ADVANCED  INFORMATION 

SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  BUS50  transistor  is  designed  for  low  voltage,  high-speed,  power 
switching  in  inductive  circuits  where  fall  time  is  critical.  It  is  particularly 
suited  for  battery  switchmode  applications  such  as: 


•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 


Fast  Turn-Off  Times 

300  ns  Inductive  Fall  Time  -25°C  (Typl 

Operating  Temperature  Range  -65  to  +  200°C 
100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents  (125°C) 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUS50 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

125 

Vdc 

Collector-Emitter  Voltage 

200 

Vdc 

Emitter  Base  Voltage 

VEB 

7 

Vdc 

Collector  Current  -  Continuous 

-  Peak  <1) 

-  Overload 

lc 
'cm 

I., 

70 
140 

Adc 

Base  Current  -  Continuous 
-  Peak  (1) 

Is 
'bm 

20 

Adc 

Total  Power  Dissipation  -  Tc  =  25°C 
-Tc  -  100°C 

Derate  above  25°C 

Pd 

350 
200 

2 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 


Tji  Ts,g 


-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

Rejc 

0.5 

"C/W 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 
14"  from  Case  for  5  Seconds 

Tl 

275 

•c 

(1)  Pulse  Test:  Pulse  Width  -  5  ms,  Duty  Cycle  ^  10%. 


70  AMPERES 
NPN  SILICON 
POWER  TRANSISTORS 

125  VOLTS  (BVCEO) 
350  WATTS 
200  V  (BVCES) 


The  Designers*  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 
  i.  


notes 

i  0h1ehsion5o  an0  v  are  datums 
1  ijj  is  seating  plane  and  datum 
3  positional  tolerance  for 
mounting  hole  0  

|  ♦  |  rHIB-OM)©  |  T 
FOB  LEAPS  

|  ♦  |H3UOOSi©T|v0|n@ 


DIM 

MILLIMETERS 

IfVCHES 

win 

MAX 

MIN 

MAX 

A 

38  35 

39.37 

1.510 

1.550 

e 

19.30 

21  08 

0.760 

0.830 

c 

635 

7  62 

0.250 

0  300 

D 

1  45 

1.60 

0.057 

0  063 

E 

3.43 

0  135 

1.197 

F 

29.90 

30.40 

1.177 

G 

10.67 

11  18 

0.420 

0.44O 

H 

5.2 1 

5.72 

0.205 

0.225 

i 

16.64 

17.15 

0.655 

0.675 

11.18 

12.19 

1  Q  44Q 

0  480 

CASE  1  05  TO-3  TYPE 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit. 

OFF  CHARACTERISTICS' 

Collector-Emitter  Sustaining  Voltage 
(lc  =  200  mA,  lB  =  0,  L  =  25  mH) 

VcEO(aus) 

125 

Vdc 

Collector  Cutoff  Current  at  Reverse  Bias : 
(VCE  =  200V,VBE  =  -1.5  V) 
(VCE  =  200  V,  VBE  =  -1.5  V,  Tc  =  125SC) 

.2 
2 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  125  V) 

Icso 

, 

mAdc 

Emitter  Cutoff  Current 
(VE8  =  7  V) 

Iebo 





.2 

mAdc 
'  ' 

ON  CHARACTERISTICS 


DC  Current  Gain 
Be  =  5  A,  Vce  =  4  V) 
lie  =  50  A.  VCE  =  4  V| 

20 
15 



Collector-Emitter  Saturation  Voltage 
Be  =  35  A.  I,  =  2  A) 
Be-70A.IS  =  7A)  

VcElsail 

1 

1.2 

Base-Emitter  Saturation  Voltage 
Be  =  35  A,  la  =  2  Al 
Be  =  70  A,  le  =  7  Al 

Vbeisao 

1.8 
2 

vac 

SWITCHING  CHARACTERISTICS  (Resistive  Loadl  t„„  and  (Inductive  Load)  t„,  t„ 


Turn-on  Time 

lc  =  70  A,  ISI  -  7  A      VBEoff  ■  -5  V 
(Vcc  =  125  V) 

ton 

1.2 

us 

Storage  Time 

t,. 

1.5 

Fall  Time 

.3 

h 

1  Pulse  Test:  Pulse  Width  «  300  us.  Duty  Cycle  2% 


(1)  Pulse  Test:  PW  =  300  fis.  Duty  Cycle  £  2%. 
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ADVANCED  INFORMATION 

SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 


The  BUS51  and  BUS52  transistors  are  designed  for  low  voltage,  high- 
speed, power  switching  in  inductive  circuits  where  fall  time  is  critical.  They 
are  particularly  suited  for  battery  switchmode  applications  such  as: 


•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

Fast  Turn-Off  Times 

300  ns  Inductive  Fall  Time  -25°C  (Typ) 

Operating  Temperature  Range  -65  to  +200°C 
100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents  (125°C) 


*  O 


50  &  40  AMPERES 

NPN  SILICON 
POWER  TRANSISTORS 

200  and  250  VOLTS  IBVCEO) 
350  WATTS 
9  (BVCESI 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers*  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUS51 

BUS52 

Unit 

Collector-Emitter  Voltage 

Versus, 

200 

250 

Vdc 

Collector-Emitter  Voltage 

VCEV 

300 

350 

Vdc 

Emitter  Base  Voltage 

VEB 

7 

Vdc 

Collector  Current  -  Continuous 

-  Peak  (1) 

-  Overload 

lc 
'cm 

lol 

50 
100 

40 
80 

Adc 

Base  Current  -  Continuous 
-  Peak  (1) 

Ib 
'bm 

10 

16 

Adc 

Total  Power  Dissipation  -  Tc  -  25°C 
-Tc=  100°C 

Derate  above  25°C 

Pd 

350 
200 
2 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj,  T„0 

-65  to  +200 

■c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

Rex 

0.5 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 
Vs"  from  Case  for  5  Seconds 

Ti 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  s  io%. 


NOUS 

1  OTMfNSIONSQ  AND  V  ARE  0MUMS 
7  [TI  IS  SEATING  PLAWE  AND  OAIUW 
1  WSITIONAl  T0L(«ANCE  F0H 
MOUNTING  HOLE  0 

|  ♦  lum—t®  |t|v©| 

»0W  Li AOS  

|  »  |  |.11I0«M©T  I  V©1  0©] 
I  OlUfNSIONS  AN0  TOLfBAHCESPtfl 


DtM 

MILLIMETERS 

inches 

M1N 

MAX 

MIN 

MAX 

A 

38  35 

39.31 

1  510 

1  550 

B 

1930 

21  08 

0  160 

0-830 

C 

635 

1  62 

0  250 

0  300 

0 

LIS 

1.60 

0  051 

0.063 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1  191 

a 

10.61 

11  16 

0.420 

0.440 

H 

5  2! 

5.12 

0  205 

0  225 

j 

1664 

11  15 

0.655 

QP5 

K 

1118 

12  19 

0440 

0  480 

Q 

3.6* 

409 

0151 

il  161 

R 

24.19 

26.61 

ana 

050 

CASE  1-05  TO  3 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS' 

Collector-Emitter  Sustaining  Voltage  (Table  11 
(lc  •  200  mA,  1,  =  0,  L  =  25  mH)  BUS51 

BUS52 

VcECHsuil 

200 
250 

Vdc 

Collector  Cutoff  Current 
(Vcev  =  Rated  Value,  VMloW  -  1.5  Vdc) 
(VCEV  =  Rated  Value,  VBa„„,  =  1.6  Vdc,  Tc  =  125X1 

IcEV 

0.2 
2.0 

mAdc 

Collector  Cutoff  Current 
(VCE0  =  Rated  Value) 

IcEO 

1 

mA 

Emitter  Cutoff  Current 
(VE,  =  7  Vdc,  lc  =  0) 

Ie.o 

2 

mAdc 

ON  CHARACTERISTICS 1 

DC  Current  Gain 

(lc  -  5  Adc,  Vra  =  4  Vdc)  Rl 
(lc  =  50  Adc,  VCE  =  4  V)  Bubbl 

It, 

20 
15 

DC  Current  Gain 

(lc  =  5  Adc,  Vcr.  =  4  Vdc)  „. 

(Ic  =  40  Adc,  VCE  =  4  V)  BUi" 

20 
15 

Collector-Emitter  Saturation  Voltage 
(lc  =  30  Adc,  ls  =  2  Add  Rl 
(Ic  =  50  Adc,  1,-5  Adc)  BUS>61 

(Ic  =  25  Adc,  lB  =  2  Adc)                                                  „,  ,<,,-, 
(lc  =  40  Adc,  lB  =  4  Adc)  BUMZ 

1 

1.5 
1 

1.6 

v« 

Base-Emitter  Saturation  Voltage 

(lc  =  30  Adc,  lB  =  2  Adc)  R, 
(lc=  50  Add.  =  5  Adc)  BUS51 

(Ic  =  25  Adc,  1,  -  2  Adc)  _..«.„ 
(Ic  =  40  Adc,  lB  =  4  Adc)  BUS52 

VBE(9al) 

1.8 
2 

1.8 
2 

SWITCHING  CHARACTERISTICS 
Resistive  Load  (Table  1) 


Ic  mi  =  50  A  | 

lb,  =  5  A        J  BUS51 
VaE.om  =  5  V 
VcE,t„=  150  V 
lc  mi  =  40  A  I 

la,  =  4  A         J  BUS52 

(Tc  -  25°C) 

t„ 

l 

us 

Turn-on  Time 

(Tc  -  100°C) 

Inductive  Load,  Clam 

ped  (Table  1) 

Storage  Time 

Ic  mi  =  60  A  ] 

la,  =  5  A         1  BUS51 
Vas.m  =  5  V 
Vcw  -  150  V 

!a,'=4A°A    1  BUSS2 

(Tc  -  25°C) 

t* 

2 

MS 

Fall  Time 

t,, 

.3 

Storage  Time 

(Tc  =  100"CI 

t,. 

Crossover  Time 

t. 

Fail  Time 

la 

'  Pulse  Test :  PW  =  300  MS.  Duty  Cycle  «  2%. 
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® 


SWITCHMODE  II*  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  BUS97  and  BUS97A  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line-operated  switch- 
mode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

60  ns  Inductive  Fall  Time-25°C  (Typl 
120  ns  Inductive  Crossover  Time-25°C  (Typ) 

Operating  Temperature  Range  -65  to  +200°C 
100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents  (125°C) 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUS97 

BUS97A 

Unit 

Collector-Emitter  Voltage 

vCE0(susl 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VcEV 

850 

1000 

Vdc 

Emitter  Base  Voltage 

VEB 

7 

Vdc 

Collector  Current  -  Continuous 

-  Peak! 11 

—  Overload 

ic 
'cm 

lOL 

18 
30 
60 

Adc 

Base  Current  -  Continuous 
-  Peaklll 

>B 
'BM 

5 

20 

Adc 

Total  Power  Dissipation  -  Tg  =  25°C 
-  TC  .  100°C 

Derate  above  2  5°C 

pd 

175 
100 
1.0 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ. Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

Rojc 

1.0 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 

1/8"  from  Case  for  5  Seconds 

275 

°c 

18  AMPERES 
NPN  SILICON 
POWER  TRANSISTORS 

450  VOLTS 
175  WATTS 


(II  Pulse  Test:  Pulse  Width  =  5  ms,  Duty  Cycle  S  10%. 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers*  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 








i3 


PIN  1  IASE 

1  EMITTER 
CASE  COLLECTOR 


MOTES 

I  DIMENSIONS  0  ANO  V  Afll  OATUMS 
1  PTI  IS  SEATING  PLANE  AND  DATUM 
]  POSITIONAL  TOLERANCE  >0R 

MOUNTING  HOLE  0 

|  *  |  >13IOO»I©  |  T  |v®  ] 

10*  EEAPS  

|  ♦  ]  HHOBOM0T  |  yQl  Q@| 


CASE  1-05  TO-3 
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BUS97,  BUS97A 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  (1) 

Collector-Emitter  Sustaining  Voltage  (Table  1)  RIICQ7 
(lC=200mA.  IB=0)  L  =  25mH  BUS97A 

vCEO(sus) 

400 
450 

Vdc 

Collector  Cutoff  Current 
•VCEV  =  Rated  Value,  VBE(off)  =1.5  Vdc) 
lvCEV  =  Rated  Value,  VBE(off)  =1.5  Vdc.  Tc  =  125°C) 

ICEV 

0.2 
2.0 

mAdc 

Collector  Cutoff  Current  orV 
(VCE  =  Rated  VCEV,RBE  =  10  J2I                        Tc  =  125°C 

ICER 

0.5 

mAdc 

3.0 

Emitter  Cutoff  Current 

lEBO 

mAdc 

IVEB=5Vdc,lc=0> 

0.1 

Emitter-base  breakdown  Voltage 
(lE=50mA-lc=0) 

7 

Vdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

iS/b 

See  Figure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 

(lc  =  1  2Adc,  VCE  =  5Vdc)  BUS97 
IIC  =  10A.  VCE  =  5V)  BUS97A 

hFE 

7 

Collector-Emitter  Saturation  Voltage 
(lC  =  12A,  lB  =  2.4A) 
(lC  =  18A,  lB  =  6AI 
(lC  =  12A,  lB  =  2.4A,  TC  =  100°C> 
(lC  =  10A,  lB  =  2AI  : 
(lC  =  15A,  lB  =  3AI 
(lC  -  10A,  lB  =  2A,  TC  =  100°CI 

BUS97 
BUS97A 

vCE(sat) 

1.5 
3 
2.5 
1.5 
5.0 
2.5 

Vdc 

Base-Emitter  Saturation  Voltage 

(lC  =  12Adc,  lB  =  2.4Adc)                         ]  BUS97 
dC  =  12Adc.  IB  =  2.4Adc.  TC  =  100°C)  J 
(lC  =  10A,  lB  =  2 Add                               I  BUS97. 
(lC  =  10A,  lB  =  2Adc,  TC  =  100°C) 

vBE(satl 

1.6 
1.6 
1.6 
1.6 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc,  lE=0,  ftest  =  100Khz) 

Cob 

350 

pF 

SWITCHING  CHARACTERISTICS 
Resistive  Load  (Table  1) 

Delay  Time 

|VCC  =  250  Vdc,  lc  =  12A, 

lB1  -  2.4A,  tp  -  30  6s, 

Duty  Cycle  <  2%,  VBE(off)  =  5  V) 

td 

0.1 

0.2 

MS 

Rise  Time 

tr 

0.4 

0.7 

Storage  Time 

«s 

1.3 

2.0 

Fall  Time 

tf 

0.2 

0.4 

Inductive  Load,  Clamped  (Table  1) 


Storage  Time 

j'CfPk)  =  ^2MbUS97 
If31  =  2.4A,  J 

(TC  =  25°CI 

tsv 

1.3 

MS 

Fall  Time 

«fi 

0.06 

Storage  Time 

vBE(off)  =  5  V, 
VCE(C1)  =  25°  V> 
|C(PK»2=A10AjBUS97A 

(TC  =  100°CI 

<sv 

1.5 

2.5 

Crossover  Time 

<c 

0.3 

0.6 

Fall  Time 

'fi 

0.17 



0.35 

(II  Pulse  Test:  PW  =  300  )is.  Duty  Cycle  S  2%. 


3-581 
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BUS97,  BUS97A 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VCEOtMJi) 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 




TURN  ON  TIME 


110  '00 


V) 

z 

l-O 

it 

ZD 
™  Z 

o 

u 


PW  v.. .ad  to  Attain 
lc  -  100  mA 


^■.ss  5  J  L_| ||^J 

J  Ol  02.  OJ  OA      ;«493*  ^  i.rf 

'  "J 

-"""rl'Ti 


iBt  adiuitae  to 
obtain  iha  fo'cad 
hpE  d«t>rad 

TURN  OFF  TIME 
Uia  indue t'va  tMiitcbini 
df.vaf  at  tha  input  to 


Lco,|  =  80  mH  VCC  =  10  V 

Rcoii  -  o  7  n 


Lco„      180  MH 

Rcoil  0  05  n 
VCC  •  20  V 


VC|.mp  -  250  V 

RB  «d]u*ted  to  atta-n  das>rad  lg 


VCC  =  250  V 
RL  ■  8311 

Pulse  W.dih  1  10„s 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


Saa  AOova  for 
Datailad  Condition! 


1  y 

'ClDkl 

L-         U  Cam 

1 

VCE  or 

.v  clamp 

T,m«           L___-  — 

t,  Adiuitad  t 
Obta.n  ic 


Scop*  -  Taktromn 
475  or  Equival*nt 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  PEAK-REVERSE  CURRENT 


fit  - 
ic  - 1 

■■ 



0  A 

1  2  3  4  5  6 

vB£loff}-  BASE-EMITTER  VOLTAGE  (VOLTS) 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise.  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsw  =  Voltage  Storage  Time,  90%  Igi  to  10%  Vc|arnp 

trv  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  =  Current  Fall  Time,  90-10%  lc 

ttj  =  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time.  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms 

For  the  designer,  there  is  minimal  switching  loss 
during  storage   time   and   the   predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 
PSWT=1/2Vcclc(tc)f 


In  general,  trv  +  tfj 


However,  at  lower  test  currents 


this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  It;  and  tsv)  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME,  Tsv 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 


s 

3 
2 

r  -  I00c 

C 

3  , 

1  1 
  Ih  =  )S'C 

t.  TIME 

2  3  S        7        10  20  30 

IC.  COLLECTOR  CURRENT  (AMPSI 

FIGURE  11a  -  TURN  OFF  TIMES  vs  FORCED  GAIN 


3  5        ?  10 

IC.  COLLECTOR  CURRENT  (AMPSI 

FIGURE  11b  -  TURN-OFF  TIMES  vs  \b2l\b-\ 


0.0  7 
005 


0  03 
0  02 


4  S  S 
B|.  FORCED  GAIN 
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The  Safe  Operating  Area  figures  shown  in  Figures  1 2  and  1 3  are 
specified  for  these  devices  under  the  test  conditions  shown. 

FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


0.0! 
0.01 


Limi 

DC 

1  ms  \ 

only 

fur 

D.J 

1 

1 

1         2  5         10        20  50         100      200  500  1000 

Vtt,  COLLECTOR -EMITTER  VOLTAGE  (VOLTS) 

FIGURE  13  -  REVERSE  BIAS  SAFE  OPERATING  AREA 
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\ 
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>s 
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FIGURE  14  -  POWER  DERATING 
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SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tc  "  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

TJ(pk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 
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FIGURE  15  -  THERMAL  RESPONSE 


2.0  50 
c,  TIME  Ims) 


OVERLOAD  CHARACTERISTICS 


FIGURE  16  -  RATED  OVERLOAD  SAFE  OPERATING  AREA 
(OLSOA) 


£  80 
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FIGURE  17-  lC=  fldV/dt) 


f3 


30  n 

10  n 

=  2.2  n 

I  I 

OLSOA 

OLSOA  applies  when  maximum  collector  current  is 
limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known. 

Max  imum  allowable  collector-emitter  voltage  versus 
collector  current  is  plotted  for  several  pulse  widths.  (Pulse 
width  is  defined  as  the  time  lag  between  thefault  condition 
and  the  removal  of  base  drive.)  Storage  time  of  the  tran- 
sistor has  been  factored  into  the  curve.  Therefore,  with 
bus  voltage  and  maximum  collector  current  known, 
Figure  16  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

OLSOA  is  measured  in  a  common-base  circuit 
(Figure  18)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 

FIGURE  18  -  OVERLOAD  SOA  TEST  CIRCUIT 
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SWITCHMODE  II  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  BUS  98  and  BUS  98A  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line-operated  switch- 
mode  applications  such  as: 

; 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls  o 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

60  ns  Inductive  Fall  Time  -  25°C  (Typ) 
120  ns  Inductive  Crossover  Time  -  25°C  (Typ) 

Operating  Temperature  Range  -  65  to  +  200°C 

100°C  Performance  Specified  for  : 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents  (125°C) 


MAXIMUM  RATINGS 


THERMAL  CHARACTERISTICS 


Rating 

Symbol 

BUS  98 

BUS98A 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

1000 

Vdc 

Emitter  Base  Voltage 

VEB 

7 

Vdc 

Collector  Current  —  Continuous 
-Peakd) 
—  Overload 

ic 

ICM 
lol 

30 
60 
120 

Adc 

Base  Current  —  Continuous 
-  PeaklD 

IB 

Ibm 

10 

30 

Adc 

Total  Power  Dissipation  —  Tp  =  25°C 
-TC  =  100°C 

Derate  above  25  C 

pd 

250 
142 
1.42 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj,  Tstg 

-  65  to  ♦  200 

°C 

Max 

Unit 

Characteristic 

Thermal  Resistance, 

R9JC 

0.7 

°C/W 

Junction  to  Case 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 

1/8"  from  Case  for  5  Seconds 

275 

°c 

(II  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  S  10%. 


30  AMPERES 

NPN  SILICON 
POWER  TRANSISTORS 

400  AND  450  VOLTS  (BVCEO) 
250  WATTS 
850  -  1000  V  (BVCES) 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers*  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


iOTES 

1  DIMENSIONS  Q  AND  V  ARE  OAT  II  MS 

2  Q~)  IS  SEATING  PLANE  UNO  DATUM 

3  POSITIONAL  TOLERANCE  'OH 
MOUNTING  HOLE  0. 

I  ♦  I  I13HUW®  I  T  ]v©| 
fOH  LLAD5 


I   ♦  I  1 131D0OSI®  T  I  v©  I  Q0| 


DIM 

MILLIMETERS 

INCHES 

MtN 

MAX 

MIN 

MAX 

A 

38  35 

39  37 

1.510 

1  550 

B 

19  30 

21.08 

0.760 

0.83O 

C 

6  35 

7  62 

0  250 

0300 

0 

MS 

1.60 

0  057 

0  063 

E 

3  43 

0  135 

F 

29.90 

30.40 

1.177 

1  197 

G 

10  67 

1118 

0.420 

0.440 

5.72 

0.2O5 

0.225 

M  ■ 

■HOLDS! 

■  •  .i 

u 

■  ■■  1  1  1M  <    iBill  fill  !■ 

■  ■ 

VFI  Tim,  l  IH'I-I  I<MI>."-1 

CASE  197-01 
MODIFIED  TO  3 
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ELECTRICAL  CHARACTERISTICS    (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Mln 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  (11 

Collector-Emitter  Sustaining  Voltage  (Table  1) 
(lC=200mA.  IB=0)       L  =  25mH 

BUS98 
BUS98A 

VCEO(sus) 

Vdc 

400 
450 

_ 

Collector  Cutoff  Current 

IVCEV  =  Rated  Value,  VsE(off)  =  1.6  Vdc) 
(VCEV  =  Rated  Value,  VBE(off)  =1.5  Vdc,  Tc 

=  125°C) 

ICEV 

0.4 
4.0 

mAdc 

Collector  Cutoff  Current 

(Vce  =  Rated  VcEV  RBE  =  1°n> 

Tc=  25°C 
TC  =  1 25°C 

ICER 

1.0 
6.0 

mAdc 

Emitter  Cutoff  Current 

(VEB  =  7  Vdc,  lc  =  0) 

lEBO 

0.2 

mAdc 

Emitter-base  breakdown  Voltage 
(IE  =  100  mA  -  lc  =0) 

VEBO 

7.0 

Vdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  12 

Clamped  Inductive  SO  A  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS!  1) 


DC  Current  Gain 

hFE 

(lC  =  20  Adc.  VCE  =5  Vdc) 
(lC  =  16  Adc,VCE=5V) 

BUS98 

8 

BUS98A 

Collector-Emitter  Saturation  Voltage 
(IC  =  20  Adc,  lB=4  Adc) 
(lC  =  30Adc,  lB=8  Adc) 
(lC  =  20  Adc,  Ib=4  Adc,  TC  =  100°C) 

BUS98 

vCE(sat) 

1.5 
3.5 
2  0 

Vdc 

(lC=16  Adc,  lB  =3.2  Add 

(lc  =  24Adc,lB=5Adc) 

(lc  =  16  Adc,  lB  =3.2  Adc,  TC  =  100°C) 

BUS98A 

1.5 
5.0 
2.0 

Base-Emitter  Saturation  Voltage 
(IC=20  Adc,  Ib=4  Adc) 

BUS98 

VBE(sat) 

1.6 

Vdc 

(IC=20  Adc,  Ib=4  Adc,Tc=100°C) 

1.6 

(IC  =  16  Adc,  Ib=3.2  Adc) 

(IC  =  16  Adc,  lB  =3.2  Adc,  TC  =  100°C) 

BUS98A 

1.6 
1-6 

DYNAMIC  CHARACTERISTICS 


Output  Capacitance 

(VCB  =  10  Vdc.  l£  =  0,  ftest  =  100  khz) 


Cob 


pF 


SWITCHING  CHARACTERISTICS 
Resistive  Load  (Table  11 


Delay  Time 

(Vcc  =  250  Vdc,  lc  =  20A, 
lB1  =4.0  A,  tp  =  30  (is. 

«a 

0.1 

0.2 

MS 

Rise  Time 

tr 

0.4 

0.7 

Storage  Time 

Duty  Cycle  <  2%,  VBE(off)  =5  V) 
(for  BUS98A  :  lc  =  16A,  lb,  =3.2A) 

ts 

1.55 

2.3 

Fall  Time 

tf 

0.2 

0.4 

Inductive  Load,  Clamped  (Table  1) 


Storage  Time 

(BUS98) 

vBE(off)=5  V, 
vCE(c1)=250V) 

l^r]  (BUS98A) 

iTc=a*°G) 

tsv 

1.55 

MS 

Fall  Time 

tfi 

0.06 

Storage  Time 

(TC  =  100°C) 

tsv 

1.8 

2.8 

Crossover  Time 

tc 

0.3 

0.6 

Fall  Time 

I  

tfi 

i 

0.17 

0.35 

(1)  Pulse  Test  i  PW  =  300  ms.  Duty  Cycle  <2%. 
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DC  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 


5        7        10  20        30  50 

IC.  COLLECTOR  CURRENT  (AMPS) 


0.3  0.5 

lB.  BASE  CURRENT  (AMPS) 


FIGURE  3  -  COLLECTOR  EMITTER  SATURATION  VOLTAGE 


FIGURE  4  -  BASE  EMITTER  VOLTAGE 


3  10  20 

lC.  COLLECTOR  CURRENT  IAMPS) 


01         0.3  1  3  10 

IC.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 


-0.4  -0.2  0  0.2  0.4  Of 

VBE,  BASE  EMITTER  VOLTAGE  (VOLTS) 


10 1  T-J  =  25°c 


1  10  100 

VR.  REVERSE  VOLTAGE  (VOLTS) 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


vCEO(iuil 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


Z 

I-  o 

2t 

ZD 
~  Z 

o 


 |^BD361A 

BUV20K 


ADJUST  VC1 
i        i  TO  OBTAIN 

^0.1|jt  ^50Mf       DESIRED  lB1 


1 

X"" 

1 


Ptfv  Vantd  IO  All*ir> 


ADJUST  VC2 
TO  OBTAIN 


TURN  ON  TIME 


r 


hFE  danrad 

TUHN  OFF  TIME 
Use  mductiva  twitching 
diivti  as  lh«  input  to 
tha  ranstiv*  tail  cifcuH 


o> 


i-coil  ■  25""  vcc  .  10  V 
"toil  '•'« 


Lcol(  ,80  WH 
Bco,l  0  05  1! 
VCC     20  V 


Vcc    250  V 

Pulse  Widlh     10  hS 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


r  tri 

1  s  I nco< 

-  5IL«' 

or 

nd'tiont 
O  

vclamp  - 

-  tvcc 

2  - 

t!  Ad|utt*d  to 
Obtain  ic 


1  / 

\ 

.vcl*mp 

>j — — 1 

vcc 

Leo.lflC0| 


Ta»t  Egu.pmeni 
Scop*  -  Taktronm 
475  or  Equivalent 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  PEAK-REVERSE  CURRENT 


_0f  = 

5 

tc=: 

!0  A 

1  2  3  4  5 

vBEIolf|.  BASE  EMITTER  VOLTAGE  IVOLTSI 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  -  Voltage  Storage  Time,  90%  Iri  1°  10%  Vc|amp 

trv  «  Voltage  Rise  Time,  10-90%  Vc|amp 

tf j  »  Current  Fall  Time,  90 -  1 0%  lc 

ttj  -  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN  222 : 

PSWT=1/2Vcclc(tc|f 
In  general,  trv  +  tfj  =■  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench 
mark  for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME,  Tsv 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 


TC-  100°C 

TC„25°C 

fit  =  5 

2  4        6      8  10  20  30 

it:  COLLECTOR  CURRENT  IAMPSI 


2  4        6      8  10  20  30 

lc.  COLLECTOR  CURRENT  IAMPSI 


FIGURE  11a  -  TURN-OFF  TIMES  vs  FORCED  GAIN 


FIGURE  11b  -  TURN-OFF  TM  TIMES  vs  Ib2/lt>i 


B(,  FORCED  GAIN 
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The  Safe  Operating  Area  figures  shown  in  Figures  12  and  13  are 
specified  for  these  devices  under  the  test  conditions  shown. 


FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


5  10       20  50        100      200  500  1000 

VCE.  COLLECTOR-EMITTER  VOLTAGE  IVOLTSI 


SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~^CE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

Tj(pk)  rnay  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


FIGURE  13  -  REVERSE  BIAS  SAFE  OPERATING  AREA 


e 

JS98 

S98A 

k 

Vbe(o 

f)  =  5v 

IC=  10O"C 
'C/'BI  >5 

200  400  6O0  800 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  14  -  POWER  DERATING 
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*  80 

EC 
O 

SECC 

NO  BR 
DERA 

EAKD0 
riNG 

WN 
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f-  DEfl 

IMAL 

MING 

60 

C9 

z 

m 

WERDER, 

S  20 
0 

40  80  120  1E0 

TC.  CASE  TEMPERATURE  PC) 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 
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FIGURE  IS  -  THERMAL  RESPONSE 


OVERLOAD  CHARACTERISTICS 


FIGURE  16  -  RATED  OVERLOAD  SAFE  OPERATING  AREA 
(OLSOA) 


100  200  300  400 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS 


lc=*  IdV/dt) 


OLSOA 

OLSOA  applies  when  maximum  collector  current  is 
limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  isthen  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known. 

Maximum  allowable  collector-emitter  voltage  versus 
collector  current  is  plotted  for  several  pulse  widths.  (Pulse 
width  is  defined  as  the  time  lag  between  thefault  condition 
and  the  removal  of  base  drive.)  Storage  time  of  the  tran- 
sistor has  been  factored  into  the  curve.  Therefore,  with 
bus  voltage  and  maximum  collector  current  known. 
Figure  16  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

OLSOA  is  measured  in  a  common-base  circuit 
(Figure  18)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 


FIGURE  18  -  OVERLOAD  SOA  TEST  CIRCUIT 


Notes: 

•  VCE=Vcc+VBE 

•  Adjust  pulsed  current  source 

for  desired  \q.  tp 


VCC 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  BUT  13  Darlington  transistor  is  designed  for  high-voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  line-operated  switchmode 
applications  such  as: 

•  AC  and  DC  Motor  Controls 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Fast  Turn-Off  Times 

300  nS  Inductive  Fall  Time  at  2  5°C  (Typl 
1.1  fiS  Inductive  Storage  Time  at  25°C  (Typl 

•  Operating  Temperature  Range  -  65  to  200°C 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUT13 

Unit 

Collector  Emitter  Voltage 

vCE0(susl 

400 

Vdc 



Collector  Emitter  Voltage 

VCEV 

600 

Vdc 

Emitter  Base  Voltage 

VEB 

10 

Vdc 

Collector  Current 
-  Continuous 
Peak  111 

ic 

'CM 

28 
35 

Adc 

Base  Current 

-  Continuous 

-  Peaklll 

■a 

IBM 

6 

7.5 

Adc 

Free  Wheel  Diode ; 

Forward  current   -  Continuous 
-  Peak 

If 

Ifm 

28 
35 

Adc 

Total  Power  Dissipation  @  Xq  =  2  5°C 
(STC  =  100°C 

Derate  above  25°C 

Pd 

175 
100 

Watts 

w;°c 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-  65  to  +  200 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 



Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

RSjc 

1.0 

°C/W 



Maximum  Lead  Temperature 
for  Soldering  Purpose: 

1/8"  from  Case  for  5  Seconds 

tl 

275 

°c 

28  AMPERES 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

600  VOLTS 
175  WATTS 


Designer's  Data  for 
•Worst  f 


The  Designers  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


(II  Pulse  Test.  Pulse  Width  =  5  ms,  Duty  Cycle  £  10%. 


ED 


NOTES 

1  DIMENSIONS  0  ANO  V  Afl|  QAtUMS 
1  Pi"!  IS  St  A)  IMG  PLANl  ADO  OAIUM 
]  POSITIONAL  IQlERANCE  FOB 
MOUNTING  HOLt  H 


f  ♦  I  >  lJIC005lO~IT|v©  I 
I  DIMENSIONS  AND  'OLE  RANGES  PER 


DIM 

Mil  L  IMS  T(  RS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39  37 

I  550 

oe 

,■  -U> 

C 

b  35 

TB3 

8  :v: 

. 

0 

OS' 

i  OS 

a  oia 

0  ijij 

E 

343 

0  135 

f 

30  1 

BSC 

;  ib 

esc 

G 

HI  '1 

BSC 

0*30  BSC 

K 

s« 

BSC 

0215  BSC 

J 

16  8 

BSC 

0.GS5  asc 

K 

1MB 

12  19 

D  440  1  0  «B0 

0 

3  61 

*  19 

0  ISO  1  01S5 

R 

Ll 

?t  6? 

1  050 

«  ti 

5  33 

C  190 

V 

3  Bi 

*  19 

0150  [  0  165 

CASE  1-05  TO  3 
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ELECTRICAL  CHARACTERISTICS    (TC  =  25°C  unless  otherw 

ise  noted) 

Characteristic 

Symbol 

Mln 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

v-oiiector-tmttter  sustaining  voltage  i  laDie  1 1 
(IC  =  100  mA.  le  =  0) 

VCEOIsusI 

400 

Vdc 

Collector  Cutoff  Current 

(VCEV  =  Rated  Value,  VBEIoffl  =15  Vdcl 

IVCEV  =  Rated  Value,  VBEIoffl  =  1.5  Vdc.  Tc  =  100°C 

ICEV 

0.1 
2.0 

mAdc 

Emitter  Cutoff  Current 
IVEB  =  2.0  V,  lc  =  01 

IEBO 

175 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

IS* 

See  Figure  1 6 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1  7 

ON  CHARACTERISTICS  1 1 1 

DC  Current  Gain 

HC  =  10  A,  VCE  =  5  VI 
HC  =  18  A,  VCE  =  5VI 

hFE 

30 
20 

Collector-Emitter  Saturation  Voltage 
0C  =  10  A,  IB  =  0.5  Al 
(IC  =  18  A.  IB  =  1.8  Al 
dC  -  22  A,  IB  =  2.2  Al 

VCEIsatl 

2.0 
2.5 
3.0 

Vdc 

UC  =  28  A.  IB 

=  5.6  Al 

5.0 

Base-Emitter  Saturation  Voltage 
UC  =  10  A,  IB  -  0.5  Al 
(IC  =  18  A.  IB  =  1.8  Al 
HC  =  22  A.  IB  =  2  2  Al 

VBE(sat) 

2.5 
3.0 
3  3 

Vdc 

Diode  Forward  Voltage 
(IF  =  22  Al 

Vf 

4.0 

Vdc 

SWITCHING  CHARACTERISTICS 

Inductive  Load,  Clamped  (Table  11 

Storage  Time 

See  Table  1 

TC  =  25°C  ,C=18A 

ts 

1.1 

2  6 

ps 

Fall  Time 

tf 

0.3 

0.8 

pis 

Storage  Time 

IB1  =  1.8  A 

TC  *  '°0°C                        VBE(o..l  =  5  V 

ts 

1 .4 

PS 

Fall  Time 

tf 

0  33 

US 

(1)  Pulse  Test  :PW  *  300  us,  Duty  Cycle  £  2%. 
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FIGURE  10  -  FREE  WHEEL  DIODE  MEASUREMENTS 


FIGURE  1 2  -  FORWARD  MODULATION  VOLTAGE 

30 


FIGURE  11  -  FORWARD  VOLTAGE 
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FIGURE  13  -  PEAK  REVERSE  RECOVERY  CURRENT 


! 

TC  -  2S-C 

20  30  40 

IE.  EMITTER  CURRENT  iAMPSI 


20  30 
IE   EMITTER  CURRENT  UMPSl 


FIGURE  14  -  FORWARD  RECOVERY  TIME 


FIGURE  15  -  REVERSE  RECOVERY  TIME 
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Tht  Ssf  •  Oporstlng  Ana  figures  shown  In  Figures  1 6  and  1 7 
srs  specif  ad  for  theae  devices  under  the  tsst  conditions  shown. 


FIGURE  16  -  SAFE  OPERATING  AREA 


5  10  30  100  300 
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FIGURE  17  -  REVERSE  BIAS  SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  ere  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Sefe  operating  area  curves  indicete  Ic-VCE 
limits  of  the  trensistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  trensistor  must  not  be  subject  to 
grater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 6  is  based  on  Tc  =  25°C;  Tj(p|()  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  £  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 6  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  18. 

Tjlpkl  may  be  calculated  from  the  data  in  Figure  5.  At 
high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loeds,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage- 
current  condition  allowable  during  reverse  biased  turn- 
off.  This  rating  is  verified  under  clamped  conditions  so 
that  the  device  is  never  subjected  to  an  avalanche  mode. 
Figure  17  gives  the  RBSOA  characteristics. 


FIGURE  18  -  POWER  DERATING 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  BUT  1 4  Darlington  transistor  is  designed  for  high  voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  line  operated  switchmode 
applications  such  as: 

•  AC  and  DC  Motor  Controls 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Fast  Turn-Off  Times 

300  nS  Inductive  Fall  Time  at  25°C  (Typ) 
1.3  fiS  Inductive  Storage  Time  at  25°C  (Typ) 

•  Operating  Temperature  Range  -  65  to  200°C 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUT14 

Unit 

Collector-Emitter  Voltage 

vCE0lsus) 

500 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter  Base  Voltage 

VEB 

10 

Vdc 

Collector  Current 

-  Continuous 

-  Peak M J 

'C 

■cm 

25 
35 

Adc 

Base  Current 

-  Continuous 

-  Peak (1 ) 

'b 

■bm 

7.5 

Adc 

Free  Wheel  Diode : 

Forward  current    -  Continuous 
Peak 

'f 

"fm 

25 
35 

Adc 

Total  Power  Dissipation  <&>TC  =  25°C 
(6)Jq  =  100°C 

Pd 

175 
100 

Watts 

Derate  above  25°C 

W7°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-  65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

1.0 

°C/W 

iVIaximum'Lead  Temperature 
for  Soldering  Purpose: 

1/8"  from  Case  for  5  Seconds 

275 

°c 

(11  Pulse  Test.  Pulse  Width  =  5  ms.  Duty  Cycle  S  10% 


25  AMPERES 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

850  VOLTS 
175  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


T 


NOT  tS 

1  OJIMNSlONSQANOVABF.  OATUMS 
J  :  fllSStATIUGPlAWt  AND  DATUM 

3  POSITigtAl  10UHANCE  I  OR 
MOUNTING  HOLf  0 

f  OfUf  ADS__ 

|'  ♦  ftwiMW@i  iy©To®| 

4  DIMENSIONS  AND  T  OU  H  ANC  t  S  PF  <« 

ANSI  "4  5  tsn 

■inUWETO*!     IWCH1S  1 


30  15  BSC 
10  3?  HSL 
5  46  BSC 
IB  8f  BSC 


'.  IB?  BSC 
D  430  BSC 

D  jii  eic 


133    D  ISO 

4J9  *  0  150 


CASE  1-05  TO-3 


3-600 


BUT14 


ELECTRICAL  CHARACTERISTICS    ITc  =  25°C  unless  otherwise  notedl 

Characteristic                                          1    Symbol    1       Min             Typ      1      Max      1  Unit 
1  1  |  1  1  1  1 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  11 
IIC  =  100  mA,  IB  =  01 

VCEO(sus) 

500 

Vdc 

Collector  Cutoff  Current 
(VCEV  =  Rated  Value.  VBEIoffl  =  1.5  Vdc) 
(VCEV  =  Rated  Value,  VBEIoffl  =  1/5  Vdc,  Tc  =  100°C 

ICEV 

0.2 
2.0 

mAdc 

Emitter  Cutoff  Current 
IVEB  =  2.0  V.  Ic  =  0) 

IEB0 

175 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

ISA 

See  Figure  1 6 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1  7 

ON  CHARACTERISTICS  1 1 1 

DC  Current  Gain 

nc  =   a  a,  vce  -  5  V) 

(IC  =  16  A.  VCE  =  5VI 

hFE 

30 
15 

Collector-Emitter  Saturation  Voltage 
(IC  =     8  A.  IB  -  0.4  A) 
IIC  '  16  A,  IB  -  1.6  Al 
(IC  =  20  A.  IB  =  2.0  Al 
(IC  =  25  A,  IB  =  5  Al 

VCEIsall 

2.0 

3.0 
3.5 

5.0 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  =     8  A,  IB  -  0.4  Al 
(IC  =  16  A,  IB  =  16  A) 
(IC  =  20  A,  IB  -  2  A] 

VBEIsatl 

2.5 
2.9 
3.3 

Vdc 

Diode  Forward  Voltage 
(IF  =  20  A) 

Vf 

4.0 

Vdc 

SWITCHING  CHARACTERISTICS 

Inductive  Load,  Clamped  (Table  1 1 

Storage  Time 

See  Table  1 

TC=25°C  IC-16A 
IB1  =  16A 

TC=100»C                        VBEIoffl  =  5V 

ts 

1.3 

2.8 

Ais 

Fall  Time 

tf 

0.3 

0.8 

*rs 

Storage  Time 

ts 

1.5 

US 

Fall  Time 

tf 

0.35 

(1!   Pulse  Test  ,  PW  -  300  us.  Duty  Cycle  ^  2  % . 


3-601 


BUT14 


i-rrua 


3-602 


BUT14 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


FIGURE  8  -  STORAGE  TIME  vs  FORCED  GAIN 


IC-  COUECTOR  CURRENT  1AMPS1 
FIGURE  9  -  STORAGE  TIME  vs  Ib2/lb1 
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BUT14 


BUT14 


The  Safe  Operating  Area  figures  shown  in  Figures  1 6  and  1  7 
are  specifed  for  these  devices  under  the  test  conditions  shown. 


FIGURE  16  -  SAFE  OPERATING  AREA 
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FIGURE  17  -  REVERSE  BIAS  SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  IC"VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subject  to 
grater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 6  is  based  on  Tc  =  25°C;  Tj(pk|  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq£  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 6  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  18. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  5.  At 
high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage 
current  condition  allowable  during  reverse  biased  turn- 
off.  This  rating  is  verified  under  clamped  conditions  so 
that  the  device  is  never  subjected  to  an  avalanche  mode. 
Figure  17  gives  the  RBSOA  characteristics. 


FIGURE  1 8  -  POWER  DERATING 
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IC-  CASE  TEMPERATURE  TC) 
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SWITCHMODE  SERIES 
SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 


The  BUT  1  5  Darlington  transistor  is  designed  for  high-voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  line-operated  switchmode 
applications  such  as: 

•  AC  and  DC  Motor  Controls 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Fast  Turn-Off  Times 

300  nS  Inductive  Fall  Time  at  2  5°C  (Typl 
1  2  /iS  Inductive  Storage  Time  at  25°C  (Typ) 

-65  to  200°C 


»  Operating  Temperature  Range  -65  t( 


MAXIMUM  RATINGS 

Rating 

Symbol 

BUT15 

Unit 

Collector  Emitter  Voltage 

vCEOIsusl 

700 

Vdc 

Collector-Emitier  Voltage 

VCEV 

1000 

Vdc 

Emitter  Base  Voltage 

VEB 

10 

Vdc 

Collector  Current 

-  Continuous 

-  Peak  111 

>C 
'CM 

20 
25 

Adc 

Base  Current 

-  Continuous 

-  Peakd) 

Ib 
'bm 

5 
10 

Adc 

Free  Wheel  Diode : 

Forward  current  -  Continuous 
-  Peak 

if 
'fm 

20 
25 

Adc 

Total  Power  Dissipation  @Tq  =  25°C 
@TC  =  100°C 

Derate  above  25°C 

po 

175 
100 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-  65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance. 
Junction  to  Case 

"9JC 

1.0 

°c/w 



Maximum  Lead  Temperature 
for  Soldering  Purpose: 

1/8"  from  Case  for  5  Seconds 

\ 

275 

°c 

20  AMPERES 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 


1000  VOLTS 
175  WATTS 


(1}  Pulse  Test.  Pulse  Width  =  5  ms,  Duty  Cycle  £  10%. 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


NOTES 

1  OlMfNSIDNSQ  AND  V  ARf  DATllMS 

2  I~n  IS  SEATlHG  PLAHt  AHO  DATUM 

3  POSITIONAL  TOLERANCE  fOfl 
MOUNTING  HOLE  0 


|  ♦  |  tuiooosiQ  |  t  ]< 


j  ♦  |  li3IOOOsi©T  ]  v0|  Q@1 


Dim 

MILLIMETERS 

INCHES 

MAX 

MIN 

MAX 

A 

39.3) 

:  Wi 

E 

1 1  OB 

0  318 

C 

l  a 

162 

0  ?S0 

C  W 

D 

0  9> 

1  09 

[  BIS 

Dtrli 

( 

343 

,  y- 

f 

30  1 

BSC 

1  IB 

BSC 

G 

109 

BSC 

0130  BSC 

H 

M 

BSC 

0  315  8SC 

IS  8 

esc 

0  665  BSC 

■  a  ai  m  anna m  i  nn 
imi  ijbsii  ■ 

e^an  ••lamirrriTin 

j*B  M I  TJ  BT1T  Iff -H  'III  1 1 

CASE  1-05  TO  3 


BUT15 


ELECTRICAL  CHARACTERISTICS    (Tc  =  2  5°C  unless  otherwise  noted) 


Characteristic                                      |    Symbol   [      Mln           Typ      |      Max      [  Unh 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1 1 
UC  =  100  mA,  IB  =  0) 

VCEO(sus) 

700 

Vdc 

Collector  Cutofl  Current 

(VCEV  =  Rated  Value,  VBEIoff)  =1.5  Vdcl 

IVCEV  =  Rated  Value.  VBEIoffl  =  16  Vdc,  Tc  =  100°C) 

ICEV 

0.1 

2.0 

mAdc 

Emitter  Cutolf  Current 
(VEB  =  2.0  V,  lc  =  0) 

IEBO 

175 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

IS/b 

See  Figure  1 6 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1 7 

ON  CHARACTERISTICS  1 1 1 

DC  Current  Gain 

(IC  =    6  A.  VCE  =  5  VI 
(IC  =  12  A.  VCE  =  5  V) 

hFE 

30 
1  5 

Collector-Emitter  Saturation  Voltage 
UC  -    6  A,  IB  =  0.3  A) 
(|C  =  12  A,  IB  =  1.2  Al 
HC  =  16  A,  IB  =  1.6  A) 
HC  =  20  A,  IB  =  4  Al 

VCEIsatl 

2.0 
3.0 
3.5 
5.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =    6  A,  IB  =  0  3  Al 
<IC  =  12  A.  IB  =  1.2  Al 
(IC  =  16  A.  IB  =  1  6  Al 

VBEIsatl 

2.5 
2.9 
3.3 

Vdc 

Diode  Forward  Voltage 
(IF  =  16  Al 

Vf 

4.0 

Vdc 

SWITCHING  CHARACTERISTICS 

Inductive  Load,  Clamped  (Table  1 1 

Storage  Time 

See  Table  1 

TC=25°C  IC-12A 

ts 

1  .2 

2.5 

us 

Fall  Time 

tf 

0.3 

0.8 

US 

Storage  Time 

IB  1  =  1  2  A 

TC  "  10°°C                        VBEIoffl  -  5  V 

ts 

1.4 

US 

Fall  Time 

tf 

0.35 

US 

111  Pulse  Test:  PW  =  300  us.  Duty  Cycle  £  2%. 


3-607 


3-608 


BUT15 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


FIGURE  6  -  FALL  TIME  vs  IB2/IB1 


FIGURE  7  -  TURN-OFF  TIME  vs  Ic 
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FIGURE  8  -  STORAGE  TIME  vs  FORCED  GAIN 
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FIGURE  9  -  STORAGE  TIME  vs  Ib2/lb1 
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BUT15 
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BUT15 


The  Safe 


Area  figures  shown  in  Figures  1 6  and  1 7 
for these  davicas  under  the  test  conditions  shown. 

FIGURE  16  -  SAFE  OPERATING  AREA 
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FIGURE  17  -  REVERSE  BIAS  SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations. on  the  power  handling  ability 
of  a  transistor :  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc_vCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subject  to 
grater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 6  is  based  on  Tc  =  2  5°C ;  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  £  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 6  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  1 8. 

TJlpkl  may  be  calculated  from  the  data  in  Figure  5.  At 
high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage- 
current  condition  allowable  during  reverse  biased  turn- 
off.  This  rating  is  verified  under  clamped  conditions  so 
that  the  device  is  never  subjected  to  an  avalanche  mode. 
Figure  17  gives  the  RBSOA  characteristics. 
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MOTOROLA 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  BUT  1 6  Darlington  transistor  is  designed  for  high-voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  line-operated  switchmode 
applications  such  as: 

•  AC  and  DC  Motor  Controls 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Fast  Turn-Off  Times 

2.0  uS  Inductive  Fall  Time  at  100°C  (Typ) 
0.8  uS  Inductive  Storage  Time  at  100°C  (Typ) 

•  Operating  Temperature  Range  -65  to  175°C 


12  AMPERES 

NPN  SILICON 
POWER  DARLINGTON 


TRANSISTORS 

1400  VOLTS 
150  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 


MAXIMUM  RATINGS 

Rating 

Symbol 

BUT16 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

1000 

Vdc 

Collector-Emitter  Voltage 

VCEV 

1400 

Vdc 

Emitter  Base  Voltage 

VEB 

10 

Vdc 

Collector  Current 

-  Continuous 

-  Peakdl 

ic 
'cm 

"J  12 
20 

Adc 

Base  Current 

-  Continuous 

-  Peakdl 

■b 

'BM 

8 

10 

Adc 

Free  Wheel  Diode : 

Forward  current   -  Continuous 
-  Peak 

if 

Ifm 

12 
20 

Adc 

Total  Power  Dissipation  @Jq  =  25°C 
@TC  =  100°C 

Derate  above  25°C 

Pd 

150 
75 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  +175 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

Rfjc 

1.0 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purpose: 

1/8"  from  Case  for  5  Seconds 

275 

°C 

ID  Pulse  Test.  Pulse  Width  =  5  ms.  Duty  Cycle  £  10%. 


NOTES 

1  DIMENSIONS  0  AND  V  ARC  OATuMS 

2  !~H  IS  SEATING  PLANE  ANO  DATUM 

3  POSITIONAL  TOLERANCE  f0« 
MOUNTING  HOLE  0 

1   ♦  |  1 1310  OPS)  ©  1  T  |v©| 
FOB  LEAPS  

|  ♦  |  inio.«fti©T  [vQ[  o©l 


DIM 

MUM 

KTERS 
MAX 

INC 
MIN 

Kf  S 
MAX 

A 

39.37 

1  SiO 
0  830 

1 

c 

6  31. 

31  OB 
7  6? 

0  250 

0  30C 

0 
E 

09) 

i  09 
3«3 

-     1  0  I3S 

F 
G 

30  1 

109 

BSC 

esc 

1  1(7  BSC 

o  »30  esc 

S« 

IF,  M 
11  if?" 

esc 

esc 

0  2  IS  BSC 
BMS  BSC 

« 

i 

3  61 

13  19 
«  19 

0  ISO 

1 

P 

u 
v 

4 

-41- 

(.9 

-SIS- 

0  Ibb 

CASE  1-05  TO  3 
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ELECTRICAL  CHARACTERISTICS    (Tc  =  25°C  unless  otherwise  noted) 


Characteristic                                         I    Symbol    |      Min            Typ      I      Max      I  Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1 1 
(IC  =  100  mA,  IB  =  01 

VCEOIsusI 

1000 

Vdc 

Collector  Cutoff  Current 
IVCEV  ■  Rated  Value.  VBEIoffl  ~  15  Vdcl 
(VCEV  =  Rated  Value,  VBE(off)  =  1.5  Vdc,  Tc  =  100°  CI 

ICEV 

0.1 
2.0 

mAdc 

Emitter  Cutoff  Current 
(VEB  '  2.0  V.  IC  =  01 

IEB0 

175 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

ism 

See  Figure  16 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1  7 

ON  CHARACTERISTICS  1 1 1 

DC  Current  Gain 

(IC  =  4  A.  VCE  =  5  VI 

hFE 

20 

(IC  =  8  A,  VCE  -  5  V) 

5 

Collector-Emitter  Saturation  Voltage 
dC  =  12  A,  IB  9  6  Al 

VCEIsatl 

5.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  8  A,  IB  =  1  6  Al 

VBEIsatl 

3.3 

Vdc 

Diode  Forward  Voltage 
(IF  =  12  Al 

Vf 

4.0 

Vdc 

SWITCHING  CHARACTERISTICS 

Inductive  Load,  Clamped  (Table  1) 

Storage  Time 

See  Table  1 

TC  -  25°C                                  IC  .  8  A 

ts 

3  3 

es 

Fall  Time 

tf 

1.5 

fs 

Storage  Time 

IB1  =  1.6  A 

TC=100°C                        VBE.off,  =  5V 

ts 

2.0 

lis 

Fall  Time 

tf 

0  8 

US 

111  Pulse  Test:  PW  =  300  us.  Duty  Cycle  £  2%. 
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INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


i — >i— 

1  » 

1  VCEM 

I  t 

Bfr- 

Vclamp 

11  Adjusted  to 
Obtain  lc 

VCC 

Vclamp 
Test  Equipment 
Scope  Tektronix 
4  75  or  Equivalent 


FIGURE  6  -  FALL  TIME  vs  IB2/IB1 


FIGURE  7  -  TURN-OFF  TIME  vs  lc 


)  2  3 

FIGURE  8  -  STORAGE  TIME  vs  FORCED  GAIN 


3  5         7         10  20         30  50 

IC.  COLIECT0H  CURfltNT  (AMPS) 


FIGURE  9   -  STORAGE  TIME  vs  Ib2/lb1 
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FREE-WHEEL  DIODE  CHARACTERISTICS 


FIGURE  10  -  FREE  WHEEL  DIODE  MEASUREMENTS 



FIGURE  1 1  -  FORWARD  VOLTAGE 


If M     dl'di  -  25*«S 
/?5  IRM 


A 


FIGURE  12  -  FORWARD  MODULATION  VOLTAGE 


l£.  EMITTER  CURRENT  lAMPSi 
FIGURE  14  -  FORWARD  RECOVERY  TIME 


22 

|  2.0 
X 

I  16 

S  1  6 


10 


 1 

-A            .  A 

F 

TC  - 

5°C 

Vfc    EMITTER  C01LECT0R  VOITRGE  IVOITSI 

FIGURE  13  -  PEAK  REVERSE  RECOVERY  CURRENT 


IE 

g  30 


! 

Tc  -  25"U 

ID 


n 


30 


!(.  EMITTER  CURRENT  (AMPSI 
FIGURE  15  -  REVERSE  RECOVERY  TIME 


TC  ■  2' 

■c 

If    EMITTER  CURRENT  lAMPSi 


If.  EMITTER  CURRENT  lAMPS) 
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Tha  Safe  Operating  Area  figurti  ahown  In  Flguraa  1 6  and  1 7 
ara  apaclfad  foe  thaaa  davicaa  undar  tha  tait  conditions  ihown. 

FIGURE  16  -  SAFE  OPERATING  AREA 


5  30 


1  5  10  30  100  300  1000 

ICE.  COLLECT  OH 'EMIT  TEH  VOLTAGE  (VOLTS 

FIGURE  1 7  -  REVERSE  BIAS  SAFE  OPERATING  AREA 


3C 


A 

Bflottl  -  3 
Btlotfl  -  5 

BflDffI  -  B 

V 

 TC- 

?5"C 

IC* 

-  6 

FORWARD  BIAS 

There  ere  two  limitation*  on  the  power  handling  ability 
of  a  transistor :  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Ic-VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subject  to 
grater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 6  is  based  on  Tc  =  25°C ;  Tj(p|<)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  &  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 6  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  1 8. 

7j(pk)  may  be  calculated  from  the  data  in  Figure  5.  At 
high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current  .  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage- 
current  condition  allowable  during  reverse  biased  turn- 
off.  This  rating  is  verified  under  clamped  conditions  so 
that  the  device  is  never  subjected  to  an  avalanche  mode. 
Figure  17  gives  the  RBSOA  characteristics. 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (V0LTSI 


FIGURE  18  -  POWER  DERATING 


lC    CAST  TEMPERATURE  i'Cl 
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MOTOROLA 




SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE  EMITTER  SPEEDUP  DIODE 

The  BUT  33  Darlington  transistor  is  designed  for  high-voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  line-operated  switchmode 
applications  such  as: 


AC  and  DC  Motor  Controls 
Switching  Regulators 


°  T~~ 

V 

lelay  Drivers 


Inverters 

Solenoid  and  Relay 

Fast  Turn  Off  Times 

800  nS  Inductive  Fall  Time  at  25°C  (Typ) 
2.0  /uS  Inductive  Storage  Time  at  25°C  (Typl 

Operating  Temperature  Range     65  to  200°C 


MAXIMUM  RATINGS 

Rating 

Symbol 

BUT33 

Unit 

Collecior  Emitter  Voltage 

vCE0(susi 

400 

Vdc 

Collector  Emitter  Voltage 

,  VC6V 

600 

-.  — 


Vdc 

Emitter  Base  Voltage 

_v_eb 

10 

Vdc 

Collector  Current 
Continuous 
Peakd  1 

«c 

"CM 

56 

1  75 

Adc 

Base  Current 

Continuous 
Peak ( 1 ) 

7 

'B 
'BM 

12 
1  5 

- 

Adc 

Free  Wheel  Diocte 

Forward  runent  Continuous 
Peak 

56 
75 

J 

Adc 

-  ■  

Total  Power  Dissipation  («:  Tq       2  5"C 

pD 

250 

Warts 

(a  Tc  100°C 

Derate  above  2  b"C 

-■ 

140 

W.  "C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

6  5  to  ■  200 

•c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

ROjc 

0  7 

"C'W 

Maximum  Lead  Temperature 
fot  Soldering  Purpose 

"C 

1/8"  from  Case  for  5  Seconds 

275 

(1)   Pulse  Test  Pulse  Width  -   5  ms.  Duty  Cycle  ^  10% 


56  AMPERES 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

600  VOLTS 
250  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design 
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ELECTRICAL  CHARACTERISTICS    (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Typ 

Max      |  Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1 1 
HC  =  100  mA,  IB  =  01 

VCEOIsusI 

400 

Vdc 

Collector  Cutotf  Current 

IVCEV  =  Rated  Value.  VBEIoffl  =  1  5  Vdcl 

IVCEV  =  Rated  Value,  VBEIoffl  =  1  5  Vdc.  Tc  -  1 00  °  CI 

ICEV 

0.2 
4  0 

mAdc 

Emitter  Cutoff  Current 
IVEB  •  2.0  V.  IC  -  01 

IEBO 

360 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

IS/b 

See  Figure  1  6 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1  7 

ON  CHARACTERISTICS  111 


DC  Current  Gain 

hFE 

30 
20 

IIC  =  20  A.  VCE  "  5  VI 
HC  «  36  A,  VCE      5  V) 

Collector  Emitter  Saturation  Voltage 
HC  -  20  A.  IB  -   '  Al 
HC  -  36  A,  IB  ••  3  6  Al 
HC  =•  44  A,  IB  -  4  4  Al 

VCEIsatl 

2  0 
2.5 

3  0 

Vdc 

HC  =  56  A.  IB 

=   11  2  Al 

5  0 

Base  Emitter  Saturation  Voltage 
(IC  =  20  A.  IB  -  1  Al 
HC  =  36  A.  IB  «  3  6  Al 
HC      44  A.  IB  =  4  4  Al 

VBEIsat) 

2.5 
2  9 
3.3 

Vdc 

Diode  Forward  Voltage 
(If  =  44  Al 

Vf 

4  0 

Vdc 

SWITCHING  CHARACTERISTICS 

Inductive  Load,  Clamped  (Table  11 

Storage  Time 

Tc  -  25"C 

IC  = 

36  A 

ts 

2.0 

3.3 

us 

Fall  Time 

See  Table  1  'B 

3  6  A 

tf 

0.8 

1.6 

fS 

Storage  Time 

TC  100-C 

ts 

2  2 

US 

Fall  Time 

VBEIoffl 

^  5  V 

tf 

0  8 

fs 

(II  Pulse  Test   PW  =  300  jjs.  Duty  Cycle  £  2%. 
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TYPICAL  CHARACTERISTICS 
FIGURE  1  -  DC  CURRENT  GAIN  FIGURE  2  -  COLLECTOR  SATURATION  REGION 


1       A  1         10  ZD         .10     40       60  ,  i       3  5  ,  2         1  5        '  10 

IC    COUfOOR  CURRENT  <AMPS>  lg   BISt  CURRENT  iAMP$> 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC 


FIGURE  6  -  FALL  TIME  vs  IB2/IB1 

1  1 


FIGURE  7  -  TURN-OFF  TIME  vs  Ic 


5  6 
I  b  2  10  1 


<  9 

FIGURE  8  -  STORAGE  TIME  vs  FORCED  GAIN 
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FIGURE  9  -  STORAGE  TIME  vs  Ib2/lb1 
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The  Safe  Operating  Area  figures  shown  in  Figuros  1 6  and  1 7 
are  specif  erj  for  these  devices  under  the  test  conditions  shown. 


FIGURE  16 


SAFE  OPERATING  AREA 


'c 

?V'C 
10 

V  "Bftoltl 
\ 

200  *W 
VCE  C011  EC  I  OR  EMITTER  vOl  TAG!  tWOUSi 


600 


FORWARD  BIAS 

There  are  two  limitations*  on  the  power  handling  ability 
of  a  transistor :  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc  vCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subject  to 
grater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 6  is  based  on  1q  =  25°C;  Tj{pj<)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tfj  IS  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 6  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  18. 

Tj(pk)  mav  06  calculated  from  the  data  in  Figure  5.  At 
high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage 
current  condition  allowable  during  reverse  biased  turn- 
off.  This  rating  is  verified  under  clamped  conditions  so 
that  the  device  is  never  subjected  to  an  avalanche  mode 
Figure  17  gives  the  RBSOA  characteristics 


FIGURE  18   ■  POWER  DERATING 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE  EMITTER  SPEEDUP  DIODE 

The  BUT  34  Darlington  transistor  is  designed  for  high-voltage, 
high  speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  line-operated  switchmode 
applications  such  as: 

•  AC  and  DC  Motor  Controls 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Fast  Turn-Off  Times 

0.7  uS  Inductive  Fall  Time  at  25°C  (Typ) 
1 .8  uS  Inductive  Storage  Time  at  25°C  (Typ) 


MAXIMUM  RATINGS 


Rating 

Symbol  I           BUT34  Unit 

Collector-Emitter  Voltage 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter  Base  Voltage 

VEB 

10 

Vdc 

Collector  Current 
Continuous 
-  Peak  11) 

ic 

'CM 

50 
75 

Adc 

Base  Current 

-  Continuous 

-  PeakUl 

>B 

'bm 

10 
15 

Adc 

Free  Wheel  Diode : 

Forward  current   -  Continuous 
-  Peak 

If 

'fm 

50 
75 

Adc 

Total  Power  Dissipation  @Tq  =  25°C 
@TC  =  100°C 

Derate  above  25°C 

Pd 

250 
140 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ. Tstg 

-  65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Man 

Unit 

Thermal  Resistance. 
Junction  to  Case 

RSjc 

0.7 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purpose: 

1/8"  from  Case  tor  5  Seconds 

tl 

275 

°c 

MOTOROLA 


SO  AMPERES 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

850  VOLTS 
250  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


(II  Pulse  Test.  Pulse  Width  .  5  ms.  Duty  Cycle  S  10%. 


DIM 

MHLMMTfRS 

INCHES 
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ELECTRICAL  CHARACTERISTICS    ITC  =  25°C  unless  otherw 

ise  noted! 

Characteristic 

1  1 

Symbol 

Mm 

Typ 

 1 

«*  | 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1 ) 
UC  =  100  mA.  IB  =  01 

VCEO(sus) 

500 

Vdc 

Collector  Cutoff  Current 

(VCEV  =  Rated  Value,  VBEIoffl  =  1.5Vdcl 

IVCEV  =  Rated  Value,  VfiEloff)  =15  Vdc,  Tc  =  100°  CI 

ICEV 

0.2 
4.0 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  2  0  V.  IC  =  0) 

IEB0 

350 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Coll«ctor  Current  with  base  forward  biased 

IS/b 

See  Figure  1  6 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1  7 

ON  CHARACTERISTICS  111 

DC  Current  Gain 

hFE 

(IC  =  16  A,  VCE  =  5  VI 
(IC  ~  32  A,  VCE  =  5  V) 

30 
15 

Collector. Emitter  Saturatton  Voltage 
IIC  -  16  A.  IB  =  0.8  Al 
(IC  =  32  A,  IB  =  3  2  Al 
IIC  =  40  A,  IB  =  4  Al 

VCEIsatl 

2.0 
3.0 
3.5 

Vdc 

(IC  =  50  A,  IB  =  10  Al 

5.0 

Base-Emitter  Saturation  Voltage 
(IC  ■  16  A,  IB  =  0  8  Al 
(IC  =  32  A,  IB  -  3.2  Al 
(IC  =  40  A,  IB  =  4  A) 

VBEIsatl 

2  5 
2.9 

3.3 

Vdc 

Diode  Forward  Voltage 
(lF  ,  40  Al 

Vf 

4  0 

Vdc 

me 


SWITCHING  CHARACTERISTICS 


Inductive  Load,  Clamped  (Table  1 ) 


Storage  Time 

See  Table  1 

TC"25"C                              ,C  =  32A 

Is 

1.8 

3.0 

<rs 

Fall  Time 

tf 

0.7 

1.5 

fS 

Storage  Time 

IB  1  =  3.2  A 

TC"00°C                        VBE,„„,  ^5V 

ts 

2.2 

/is 

Fall  Time 

tf 

0  8 

lis 

111  Pulse  Test:  PW  =  300  vs.  Duty  Cycle  £  2%. 
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FREE-WHEEL  DIODE  CHARACTERISTICS 


0  17  3  4  b 

V(C.  EMITTER  C0EIECT0R  II0LT4GE  1I0ITSI 


FIGURE  1 2  -  FORWARD  MODULATION  VOLTAGE  FIGURE  1 3  -  PEAK  REVERSE  RECOVERY  CURRENT 


0  10  20  30  40  50  0  10  30  30  40  SO 

l[.  EMITTER  CURRENT  I4HPSI  l(.  EMITTER  CURRENT  IMPS 


FIGURE  14  -  FORWARD  RECOVERY  TIME  FIGURE  15  -  REVERSE  RECOVERY  TIME 

 1  1  1  1  ,s  i  . 
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The  Sal*  Operating  Area  figures  shown  in  Figures  1 6  and  1 7 
are  specif  ed  for  these  devices  under  the  test  conditions  shown. 

FIGURE  16  -  SAFE  OPERATING  AREA 


SAFE  OPERATING  AREA  INFORMATION 


30  100  300 

TIB  V01HCI  IV01TSI 


■  REVERSE  BIAS  SAFE  OPERATING  AREA 


  TC  - 

25'C 

icts 

-  to 

l-5« 

VCI.  C0UECT0R  [HITTER  V01TA6E  IVOITS 


FORWARD  BIAS 

There  are  two  limitatibns  on  the  power  handling  ability 
of  a  transistor :  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Iq-Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subject  to 
grater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 6  is  based  on  Tc  =  2  5°C ;  Tj(p|<)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  £  2  5°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 6  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  18. 

Tjlpkl  may  be  calculated  from  the  data  in  Figure  5.  At 
high  case  temperatures,  thermal  limitations  will  reduce 

■  handled  to  values  less  than  the 

■  second  breakdown. 


For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage- 
current  condition  allowable  during  reverse  biased  turn- 
off.  This  rating  is  verified  under  clamped  conditions  so 
that  the  device  is  never  subjected  to  an  avalanche  mode. 
Figure  1 7  gives  the  RBSOA  characteristics. 
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FIGURE  18  -  POWER  DERATING 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  BUT  3  5  Darlington  transistor  is  designed  (or  high  voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  line-operated  switchmode 
applications  such  as : 

•  AC  and  DC  Motor  Controls 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Fast  Turn-Off  Times 

550  nS  Inductive  Fall  Time  at  25°C  (Typl 
2.5  uS  Inductive  Storage  Time  at  25°C  (Typ) 

•  Operating  Temperature  Range  -65to  200°C 


40  AMPERES 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

1000  VOLTS 
250  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUT35 

Unit 

Collector  Emitter  Voltage 

vCEOIsusl 

700 

Vdc 

Collector  Emitter  Voltage 

VCEV 

1000 

Vdc 

Emitter  Base  Voltage 

VEB 

10 

Vdc 



Collector  Current 
Continuous 
Peak  1 1 1 

'c 

'CM 

40 
50 

Adc 

Base  Current 

-  Continuous 

-  Peakdl 

lp 
'BM 

10 
20 

Adc 

Free  Wheel  Diode : 

Forward  current  Continuous 
Peak 

if 

'fm 

40 
50 

Adc 

Total  Power  Dissipation  fa'  Tc  25°C 
(»TC  -  100°C 

pd 

250 
140 

Watts 

Derate  above  25°C 

W">C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ  Tstg 

65  to  .  200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance. 
Junction  to  Case 

RSjc 

0.7 

"C/W 

Maximum  Lead  Temperature 
for  Soldering  Purpose: 

1/8"  from  Case  for  5  Seconds 

TL 

275 

*t 

111  Pulse  Test.  Pulse  Width  =  5  ms.  Duty  Cycle  S  10%. 


DIM 

MUWtTEHS 

INCMfS 

MIN    I  MAI 

MIN 

MUX 

A 

|  39  1) 

- — '- — ' 

1  ISO 

I 

!?1  08 

0  830 

c 

6  3S 

161 

:  3oc 

0 

0?9 

•  OS 

0  039 

0  043 

E 

,  343 

-U,3*H 
1  191 

F 

30*0 

TuT 

G 

106?  In  i> 

0«?0 

'  WO 

H 

S  33 

i  it 

0  210 

o;?o 

J 

6M 

l)li 

OSSi 

0  6'5 

K 

,,  18 

11  >9 

0**0 

0*80 

j 

«0* 

o  fir 

R 

^■6  6' 

CASE  197  01 

MODIFIED  TO  3 
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BUT35 


ELECTRJCAL  CHARACTERISTICS    (Tc  =  2  5°C  unless  otherw 

ise  noted) 

Characteristic 

Symbol 

Min 

 1 

Typ 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1) 
IIC  =  100  mA.  IB  =  0) 

VCEO(sus) 

700 

Vdc 

Collector  Cutofl  Current 

IVCEV  -  Rated  Value.  VBEIotf)  =15  Vdc) 

IVCEV  -  Rated  Value,  VBEIoffl  -  1  5  Vdc.  Tc  =  100°  CI 

ICEV 

0  2 
4  0 

mAdc 

Emitter  Cutoff  Current 
IVEB  •  2.0  V.  IC  =  01 

IEB0 

350 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

IS/b 

See  Figure  1  6 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA  | 

See  Figure  1  7 

ON  CHARACTERISTICS  1 1 1 

DC  Current  Gain 

IIC  =  12  A,  VCE  -  5  VI 
(IC  -  24  A.  VCE  =  5  VI 

hFE 

30 
15 

—  

Collectoi  Fmuter  Saturation  Voltage 
(IC  '  12  A.  IB      0.6  Al 
(IC  »  24  A.  IB  =  2  4  Al 
tlC  =  32  A.  IB      3.2  Al 

VCEIsatl 

2.0 
3.0 
3  5 

Vdc 

(IC   "  40  A.  IB  =  8  A) 

5.0 

Base-Emitter  Saturation  Voltage 
IIC  =  12  A.  IB  =  0  6  Al 
IIC  =  24  A,  IB  a  2  4  Al 
IIC  =  32  A,  IB      3.2  Al 

VBEIsatl 

2  5 
2.9 
3.3 

Vdc 

Diode  Forward  Voltage 
(IF  =  32  Al 

Vf 

4.0 

Vdc 

SWITCHING  CHARACTERISTICS 

Inductive  Load,  Clamped  (Table  1 ) 


Storage  Time 

TC      25°C                                 IC  -  24  A 

Is 

4.0 

0S 

Fall  Time 

tf 

1.2 

«s 

Storage  Time 

IB1  =  2  4  A 

TC  '  10°UC                        VBEIoffl  =  5  V 

ts 

2.8 

frs 

Fall  Time 

tf 

0  65 

111  Pulse  Test   PW      300  us.  Duty  Cycle  S  2%. 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


FIGURE  6      FALL  TIME  vs  IB2/IB1 


FIGURE  7      TURN  OFF  TIME  vs  Ic 
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FIGURE  8      STORAGE  TIME  vs  FORCED  GAIN 


FIGURE  9  -  STORAGE  TIME  vs  tb2/lb1 
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I  shown  in  Figures  1 6  and  11 
ant  specif  ed  for  these  devices  under  tho  t6st  conditions  shown 

FIGURE  16  -  SAFE  OPERATING  AREA 
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FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor :  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~v*CE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subject  to 
grater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 6  is  based  on  T^  =  25°C;  Tj(pk)  »s 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  £  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 6  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  1  8. 

Tjlpk)  may  be  calculated  from  the  data  tn  Figure  5.  At 
high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage 
current  condition  allowable  during  reverse  biased  turn- 
off.  This  rating  is  verified  under  clamped  conditions  so 
that  the  device  is  never  subjected  to  an  avalanche  mode. 
Figure  1  7  gives  the  RBSOA  characteristics 


FIGURE  18  -  POWER  DERATING 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  BUT  36  Darlington  transistor  is  designed  for  high-voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  line-operated  switchmode 
applications  such  as: 

•  AC  and  DC  Motor  Controls 

•  Switching  Regulators 

•  Inverters 


Solenoid  and  Relay  Drivers 

Fast  Turn-Off  Times 

1 .7  uS  Inductive  Fall  Time  at  100°C  (Typ)  *  50 
4.5  uS  Inductive  Storage  Time  at  100°C  (Typ) 


•  Operating  Temperature  Range  -65  to  175°( 


MAXIMUM  RATINGS 

Rating 

Symbol 

BUT36 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

1000 

Vdc 

Collector  Emitter  Voltage 

VcEV 

1400 

Vdc 

 ' 

Emitter  Base  Voltage 

10 

Vdc 

Collector  Current 

-  Continuous 

-  Peak (11 

'C 
'CM 

24 
40 

Adc 

Base  Current 
-  Continuous 

>B 
'BM 

15 
20 

Adc 

Free  Wheel  Diode : 

Forward  current   -  Continuous 
-  Peak 

if 
Ifm 

24 
40 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
<S>TC  =  100°C 

PD 

250 
125 

Watts 

Derate  above  25°C 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  +175 

-C 

24  AMPERES 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

1400  VOLTS 
260  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits  the 
design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
-  representing  device  characteristics 
boundaries  -  are  given  to  facilitate 
"worst  case"  design. 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Mai 

Unit 

Thermal  Resistance. 
Junction  to  Case 

ROjc 

0  6 

°C/W 

Maximum  Lead  Temperature 
for  Soldering  Purpose: 

1/8"  from  Case  for  5  Seconds 

\ 

275 

°C 

(11  Pulse  Test.  Pulse  Width  =  5  ms.  Duty  Cycle  £  10%. 


DIM 

MILLIMETERS 

m 

HES 

MIN 

MAX 

mm 

MAX 

A 

39  37 

l  MO 

1 

V  08 

0  S30 

C 

162 

02S0 

D3ff 

0 

099 

1  09 

0  039 

0  043 

E 

3  43 

0  135 

F 

29  90 

30  40 

1  111 

1  19) 

1 

10  6? 

"II  |  0  420 

0440 

M 

sii 

5  59 

0  210 

oztt 

J 

1664 

1?  15 

0  655 

0  6>5 

K 

11  IB 

.2.9 

0440 

0  480 

i 

3M 

409 

0I5> 

0  161 

« 

26  V 

mo 

CASE  197-01 

MODIFIED  TO-3 
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ELECTRICAL  CHARACTERISTICS    (Tc  =  25°C  unless  otherwise  noted)  

|  Characterise  |   Symbol   |      Mln  Typ      |      M»»      |  Unit 

OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  {Table  1 ) 
(IC  =  100  mA.  IB  =  0) 

VCEOIsusI 

1000 

Vdc 

Collector  Cutoff  Current 

IVCEV  -  Rated  Value.  VBEIoff I  =  1.5Vdcl 

(VCEV  =  Rated  Value.  VBEIoff  1  =  1  5  Vdc.  Tc  |>  100°  CI 

ICEV 

0.2 
4.0 

mAdc 

Emitter  Cutoff  Current 
IVEB  =  2.0  V.  IC  =  01 

IEB0 

350 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

IS/b 

See  Figure  1  6 

Clamped  Inductive  S0A  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1  7 

ON  CHARACTERISTICS  1 1 1 

DC  Current  Gain 

hFE 

HC  =     8  A.  VCE  =  5  VI 
(IC  =  16  A.  VCE  =  5  VI 

20 
5 

Collector  Emitter  Saturation  Voltage 
(IC  =  24  A.  IB  =  12  Al 

VCEIsatl 

5  0 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  16  A.  IB      3  2  Al 

VBEIsat) 

3.3 

Vdc 

Diode  Forward  Voltage 
(IF      24  Al 

Vf 

4  0 

Vdc 

SWITCHING  CHARACTERISTICS 

Inductive  Load,  Clamped  (Table  1) 


Storage  Time 

TC  - 

25°C 

See  Table  1 

ts 

6.0 

<rs 

Fall  Time 

IC  ■  16  A 

tf 

2  5 

US 

Storage  Time 

100°C 

IB1  -  3.2  A 

ts 

4.5 

US 

Fall  Time 

TC  « 

VBEIoffl      5  V 

tf 

1.7 

US 

111  Pulse  Test   PW  =  300  us.  Duty  Cycle  S  2%. 
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WHEEL  DIODE  CHARACTERISTICS 


FIGURE  11  - 


VOLTAGE 


FIGURE  12  -  FORWARD  MODULATION  VOLTAGE 


FIGURE  14  -  FORWARD  RECOVERY  TIME 
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The  Safe  Operating  Area  figures  shown  in  Figures  1 6  and  1  7 
are  specif  ed  for  these  devices  under  the  test  conditions  shown. 


FIGURE  16  -  SAFE  OPERATING  AREA 
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FIGURE  17  -  REVERSE  BIAS  SAFE  OPERATING  AREA 


SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  ate  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lcvCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subject  to 
grater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 6  is  based  on  Tc  =  25°C;  Tj(pi<)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  1q  £  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 6  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  18 

Tjlpkl  may  be  calculated  from  the  data  in  Figure  5.  At 
high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 
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REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage 
current  condition  allowable  during  reverse  biased  turn- 
off.  Thts  rating  is  verified  under  clamped  conditions  so 
that  the  device  is  never  subjected  to  an  avalanche  mode. 
Figure  17  gives  the  RBSOA  characteristics. 


FIGURE  18      POWER  DERATING 
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SWITCHMODE*  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 

The  BUT50P  darlington  transistor  is  designed  for  high-voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  It  is  particularly  suited  for  line  operated  switch-mode  appli- 
cations such  as  :  f 

 4  i 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay 

•  Motor  Controls 

•  Deflection  Circuits 


ind  Relay  Drivers  'v  f  {  £ 

nrois  f-*--4  k> 


I — 


8  AMPERES 
NPN  SILICON 

POWER  DARLINGTON 
TRANSISTORS 

500  VOLTS-Vceo(suj) 

100  WATTS 

850  VOLTS-Vces 


MAXIMUM  RATINGS 

Rating 

Symbol 

BUT50P 

Unit 

Collector-Emiter  Voltage 

VCEO(sus) 

500 

Vdc 

Collector-Emitter  Voltage 

VCEX(sus) 

850 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter  Base  Voltage 

VEB 

8 

Vdc 

Collector  Current  -  Continuous 
-Peak  (1) 

ic 

'CM 

8 
16 

Adc 

Base  Current  -  Continuous 
-  Peak  (1) 

Ifl 
IBM 

2 
4 

Adc 

Free  Wheel  Diode  : 

Forward  Current  —  continous 
-  peak 

IF 

ifm 

8 
16 

Adc 

Total  Power  Dissipation  @Tc=25°C 
@Tc=100°C 

Derate  above  25°C 

PD 

100 
40 
.8 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  +  150 

SC 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rfljc 

1.25 

°C/W 

(1)  Pulse  Test:  Pulse  Width  =  5  ms,  Duty  Cycle  <  10%. 

7^ 


2  COLLECTOR 
3.  EMTTEH 
4  COLLECTOR 


Case  340-01 
TO-218AC 
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ELECTRICAL  CHARACTERISTICS     (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 
dC=  100  mA,  Ib  =  0) 

vCEO(sus) 

500 

Vdc 

Collector  Cutoff  Current 

(VCEV  =  Rated  Value,  VBE(off)  =  1  -5  Vdc) 

(VCEV  =  Rated  Value,  VBE(off)  =  1  5  Vdc,  TC  =  100°C 

ICEV 

0.25 
2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  8.0  V,  IC  =  0) 

lEBO 

175 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(lc  =  2  Adc,  Vce  =  5V) 

nFE 

30 

Collector-Emitter  Saturation  Voltage 
(lc  =  5  Adc.  lb  =  0.25  Adc) 
(lc  =  8  Adc,  lb  =  1  Adc) 
(lc  =  5  Adc,  lb  =  0.25  Adc,  Tc  =  100°C) 

VCE(sat) 

2.0 
3.0 
2.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  5Adc,  lb  =  0.25  Adc) 
<lc  =  5  Adc,  lb  =  0.25  Adc,  Tc  =  100°C) 

VBE(sat) 

2.5 
2.5 

Vdc 

Diode  Forward  Voltage 
(IF  =  5  Adc) 

Vf 

Vdc 

4.0 

SWITCHING  CHARACTERISTICS 

Inductive  Load,  Clamped 


Storage  Time 

(lc  =  5  A,  Ibi  =  0.25  A,  Vbe(off)  =  5  V) 

ts 

0.75 

Ms 

Fall  Time 

tf 

0.10 

i  

MS 

(1)  Pulse  Test:  PW  =  300  Ms,  Duty  Cycle  <  2% 


"SV  i...R.47A,C.lHf       VC  LAKP.RATEDVCEX 

SWITCHING  TIMES  TEST  CIRCUIT 


ADVANCE  INFORMATION 





NPN  SILICON  POWE^TaRLINGTON  TRANSISTORS 

The  BUT51P  darlington  transistor  is  designed  for  high-voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  It  is  particularly  suited  for  line  operated  switch-mode  a 
cations  such  as  : 


Switching  Regulators 
I  nverters 

Solenoid  and  Relay  Drivers 
Motor  Controls 
Deflection  Circuits 


15  AMPERES 
NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

500  VOLTS- Vceo(sus) 

100  WATTS 

850  VOLTS-Vcm 





MAXIMUM  RATINGS 


Rating 

Symbol 

BUT51P 

Unit 

Collector-Emiter  Voltage 

VCEO(sus) 

500 

Vdc 

Collector-Emitter  Voltage 

VCEX(sus) 

850 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter  Base  Voltage 

VEB 

8 

Vdc 

Collector  Current  -  Continuous 
-Peak  (1) 

ic 

ICM 

15 

25 

Adc 

Base  Current  -  Continuous 

IB 

2.5 

Adc 

-  Peak  (1) 

IBM 

5 

Free  Wheel  Diode  : 

Forward  Current  -  continous 
-  peak 

if 

IFM 

15 

25 

Adc 

Total  Power  Dissipation  @Tc=25°C 
@Tc=100°C 

Derate  above  25°C 

pd 

■ 

125 
50 
1 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  +  150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rfljc 

°C/W 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  <  10%. 

L 


1 


I—  0- 


w 


Case  340  01 

TO-218AC 


3-644 


® 


BUV10N 


SWITCHMODEA  SERIES 

nc  AUDCOCC 

NPN  SILICON  POWER  TRANSISTOR 

NPN  SILICON 

POWER 
METAL  TRANSISTOR 

.  .  .  designed  for  high  current,  high  speed,  high  power  applications. 

125  VOLTS 
175  WATTS 

•  HFemin.:  20 at  lc=  10  A 

•  TFmax.  =  o.45/isatlc=15A 

•  Equivalent  to  8DY58 

MAXIMUM  RATINGS 


Rattan 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

125 

Vdc 

Collector-Base  Voltage 

Vdc 

Emitter-Bate  Voltage 

7 

Vdc 

VEBO 

Collector-Emitter  Voltage  (VBE  =-1.5  V) 

VCEX 

160 

Vdc 

Collector-Emitter  Voltage  (RejE  =  100(2) 

VCER 

140 

Vdc 

Collector-Current  —  continuous 

—  peak  (pw  <  1 0  ms) 

ic 

'CM 

25 
30 

Adc 
Apk 

Base-Current  continuous 

IB 

6 

Adc 

Total  Power  Dissipation  @TC  =25 °C 

PD 

175 

Watts 

TJ.Tstg 

* 

Temperature  Range 

-65  to  200 

THERMAL  CHARACTERISTICS 

Characteristic 

•tax. 

Unit 

Thermal  Resistance.  Junction  to  Case 

9jC 

1.0 

t/W 

FIGURE  1  -  POWER  DERATING 


1  1 

TC,  TEMPERATURE  |t| 


i .  J 

—  -B— | 

i  ! 

r  ,/ 

5EATING 

—  \ 

"pinVbase 


2  EMITTER 
CASE  COLLECTOR 


DIM 

MILL  IM 

TERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

22  23 

118/5 

C 

6  35 

11.43 

02511 

0  450 

0 

097 

1  09 

0  038 

11  043 

E 

343 

0  135 

L  F 

2990 

» to 

1  177 

1  197 

,  G 

BJJ 

11  18 

0  420 

11440 

H 

5.21 

5  72 

11  2115 

0  225 

J 
K 

16  64 

17  15 

0.655 

11  L/h 

792 

0312 

0 

384 

4.09 

0  151 

0  161 

s 

13  34 

0  525 

T 

4  78 

0  188 

All  JE0EC  rlimtriisiuiu  diiil  nolo  jpiily 
CASE  1  03 
(T03I 
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BUV10N 


AJKMPIOTC 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


M«. 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
llC  =  200  mA,  lB=  0.  L  =  25mHI 

VcEO(sus) 

125 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
(Vce  =  160  V,  VBE  =  -1 .5  V) 
(VCE  —  160  V,  Vqe  =  -1.5  V.  TC  =  125°C) 

ICEX 

1.5 
6 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  100  VI 

'CEO 

1.5 

mAdc 

Emitter-Base  Reverse  Voltage 
(IE  =50  mA) 

VEBO 

7 

V 

Emitter-Cutoff  Current 
IVEB=5V) 

'EBO 

0.5 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  v 
(VCE  =  20V,  t  =  0.5s) 
(VCE=48  V.  t=0.5sl 


i  base  forward  biased 


'S/b 


8.75 
1.0 


ON  CHARACTERISTICS' 


— 


DC  Current  Gain 

(IC  =  10A.  VCE=4  V) 
(lC  =  20A.  VCE=4  V) 


"FE 


20 
10 


60 


Collector-Emitter  Saturation  Voltage 
(lc  =  10  A,  lB  =  1  Al 
(IC=20A.IB=2AI 


VCE(sat) 


1 

2.0 


Base-Emitter  Saturation  Voltage 
(lC  =  10A.IB  =  1  A) 


vBE(satl 


DYNAMIC  CHARACTERISTICS 


Current  Gain  -  Bandwidth  Product 
(VCE  =  15  V,  IC  =  1  A.  f  =  4  MHz) 

<T 

10.0 

MHz 

'  

SWITCHING  CHARACTERISTICS  (Resistive  Load) 

Turn  on  Time 

lC  =  15A,lB1=lB2  =  1-5  A, 
(Vcc=75  V,RC=5J1) 

ton 

1.0 

l"s 

Storage  Time 

«■ 

1.55 

Fall  Time 

<f 

0.45 

1  Pulse  Test:  Pulse  Width  <300 Ms.  Duty  Cycle  <2°/o. 


BUV10N 


SAFE  OPERATING  AREA 


VCE,  COLLECTOR  EMITTER  VOLTAGE  IVI 


FIGURE  3  -  "ON"  VOLTAGES 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  lc  VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e..  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  =  25'C;  Tj(pk)  is 
variable  depending  on  power  level  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN415A) 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


2.0 

■C/IB  ■ 

10 

1.6 

■ 

VSE / 

5  IJ 

/ 

3 
< 

1 — 

> 

0.4 

,  VCE 

• 

L 

1 

1 

10 

IC,  COLLECTOR  CURRENT  (A) 


FIGURE  4  —  DC  CURRENT  GAIN 


12  16 
It  COLLECTOR  CURRENT  (A) 


FIGURE  6  -  SWITCHING  TIMES  TEST 


RC  -  HB:  Non  inductive  icirttancn' 


<C.  COLLECTOR  CURRENT  (A) 
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® 


MOTOROLA 


SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 


.  . .  designed  for  high  current,  high  speed,  high  power  applications. 

•  High  DC  current  gain:  HFE  min.  =  20  at  Ic  =  6  A 

•  Low  VcE(sat).  VCE(sat)  max.  =  0.6  V  at  Ic  =  6  A 

•  Very  fast  switching  times: 

Tp  max.  =  0.8  (is  at  lc  =  12A 


20  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

200  VOLTS 
150  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Col  lector- Emitter  Voltage 

VcEO(jus) 

200 

Vdc 

Collector-Base  Voltage 

VCBO 

250 

Vdc 

Emitter-Base  Voltage 

VEBO 

7 

Vdc 

Collector-Emitter  Voltage  (VBE  =  -1.5  V) 

VCEX 

250 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  100J2> 

VCER 

240 

Vdc 

Collector-Current  —  continuous 

ic 

20 

Adc 

—  peak  (pw<10ms) 

ICM 

25 

Apk 

Base-Current  continuous 

>B 

4 

Adc 

Total  Power  Dissipation  @T"c  =25^ 

PD 

150 

Watts 

Operating  and  Storage  Junction 

Tj.Tjtg 

-65  to  200 

X 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Max. 

Unit 

Thermal  Resistance.  Junction  to  Case 

1.17 

t/W 

I  

FIGURE  1  -  POWER  DERATING 


TC.  TEMPERATURE  (tl 


J 

L 

SEATING 

—  i 

STYLE  I 
PIN  1.  BASE 

2.  EMITTER 
CASE-COLLECTOR 
STYLE  2: 
PIN  1.  BASE 

2.  COLLECTOR 
CASE  EMITTER 


DIM 

MILLIM 

TERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

22  23 

■■■■■ 

C 

635 

1143 

0  250 

0450 

D 

097 

1  09 

0038 

0  043 

E 

-     1  343 

0  135 

F 

29  90 

30  40 

1  177 

l  137 

G 

10.67 

11  18 

0420 

0  440 

H 

521 

5  72 

0  205 

0  225 

J 

IG  64 

17  15 

0.655 

0  675 

K 

7.92 

0.312 

a 

3.84 

4  09 

0  151 

0  161 

s 

13  34 

0  525 

T 

4  78 

0  188 

inie'isjum  and  unlet  n 
CASE  1  03 
IT03) 
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ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


OFF  CHARACTERISTICS1 


Collector-Emitter  Sustaining  Voltage 
(lc  =  200  mA,  lB  =  0,  L  =  25  mH) 

VCEO(sus) 

200 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
(VCE=260V,  VBE  =  -1.5  V) 
( VCE  =  250  V,  VBE  =  -1.5  V,  TC  =  125°CI 

'CEX 

1.5 
6 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  160  V) 

'CEO 

1.5 

mAdc 

Emitter-Base  Reverse  Voltage 
(lE=50mAI 

VEBO 

7 

V 

Emitter-Cutoff  Current 
(VEB  =  5V) 

!EBO 

mAdc 

1.0 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
(VCE=  30  V,  t=1s) 
(VCE  =  140  V,  t  =  1  s) 

'S/b 

5.0 
0.15 

Adc 

ON  CHARACTERISTICS' 

DC  Current  Gain 

(lc=  6  A,  VCE=2V) 
(IC=  12  A,  Vce  =4  VI 

nFE 

20 
10 

60 

Collector-Emitter  Saturation  Voltage 
(IC=  6  A,  lB  =0.6  Al 
(IC  =  12  A,  lB  =1.5  A) 

VCE(satl 

0.6 
1.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC  =  12A,lB  =  1.5  A) 

VBEIsat) 

1.6 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 
(VCE  =  15  V,  lc  =  1  A,  f  =4  MHz) 

«T 

8.0 

MHz 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 


Turn  on  Time 

ic  =  T2A,lB1=lB2=1.SAt 
(VCc  =  150  V,  RC  =  12.5  ft) 

ton 

0.8 

Ms 

Storage  Time 

»s 

1.8 

Fall  Time 

«f 

0.4 

1  Pulse  Test:  Pulse  Width  <300  (Is,  Duty  Cvcle  <2°/o 
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FIC'IRE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


10  100  ZOO 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VI 


FIGURE  3  -  "ON"  VOLTAGES 


IC/IB  ■ 

B 

VCE 

VBE 

There  are  Two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  IcVCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  -  25°  C;  Tj(pk|  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN415A) 


FIGURE  5  ■=  SWITCHING  TIMES  VERSUS  COLLECTOR  CURRENT 


30 

2.0 

|  1.0 

U 

-  "S 

0.4 
0.3 

/  t 

n 

IF 

0.2 



1  

.  . 



IC,  COLLECTOR  CURRENT  (A) 


IC.  COLLECTOR  CURRENT  (A) 


FIGURE  4  -  DC  CURRENT  GAIN 


FIGURE  6  -  SWITCHING  TIMES  TEST  CIRCUIT 
»CC 


Km  -  ■ 


lC.  COLLECTOR  CURRENT  IAI 
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NPN  SILICON  POWER  METAL  TRANSISTOR 


.  .  .  designed  for  high  speed,  high  current,  high  power  applications. 


•  High  DC  Current  gain  -  Hpf£  min  20  @  lc  =  8  A 

•  Very  fast  switching  times 

tF  max.  =  0.25  /js  @  Iq  =  1 5  A 
.   Low  VCE(sat):  VcE(sat)  max.  -  0.6  V,  @  lC  =  8A 
.   High  VCEO:  160  V. 





NPN  SILICON 
POWER 
METAL  TRANSISTOR 

20  AMPERES 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(sus> 

160 

Vdc 

Collector-Base  Voltage 

vCBO 

220 

Vdc 

Emitter-Base  Voltage 

vEBO 

7 

Vdc 

Collector-Emitter  Voltage  (VgE  "  -1-5  V) 

VCEX 

220 

Vdc 

Collector-Emitter  Voltage  (Rbe  »  100S"!} 

VCER 

200 

Vdc 

Collector-Current  -  continuous 

-  peak  (pw  <  10  ms) 

ic 

ICM 

20 
25 

Adc 
Apk 

Base-Current  continuous 

Ifi 

5 

Adc 

Total  Power  Dissipation  @  Tq  =  25  JC 

PD 

150 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  200 

■c. 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case 

"JC 

1.17 

c/w 

FIGURE  1  -  POWER  DERATING 


40  80  120 

Tc,  TEMPERATURE  I  CI 


STYLE  I: 
PtN  1.  BASE 

2.  EMITTER 
CASE-COLLECTOR 
STYLE  2: 
PIN  1  BASE 

2. COLLECTOR 
CASE-EMITTER 


DIM 

MIL  L IM 

TERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

a 

22  23 

0  875 

c 

6  35 

11.43 

0  250 

0  450 

0 

0  97 

1  09 

0  038 

0  043 

E 

3  43 

1!  135 

F 

2990 

30  40 

1  177 

1  197 

C 

1067 

u  ie 

0  420 

0  440 

H 

5.21 

5  72 

0  206 

0  225 

J 

1664 

17  15 

0  655 

0675 

K 

7.92 

031? 

0 

3  84 

4  09 

0.15 1 

0  161 

$ 

1334 

0  525 

T 

1 78 

0  188 

All  JE0EC  dimensions  din!  imms  dpply 
CASE  1  03 
ITO  31 


BUV11IM 


ELECTRICAL  CHARACTERISTICS  (Tc  w  25  °C  unless  otherwise  noted) 





Min.  M» 
— '  '  


OFF  CHARACTERISTICS' 


ON  CHARACTERISTICS' 


DYNAMIC  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
(lc-200mA.IB  =  O.L  =  25  mH) 

vCE0(susl 

160 

Vdc 

Collector  Cutoff  Current  at  Reverse  Bias: 
(Vce  *  220  V,  VBE  --1.5  V) 
(VCE  -  220  V,  VBE  -  -1.6  V.  TC  -  125  "CI 

'CEX 

1.5 
6.0 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE=  130  V) 

'CEO 

1.5 

mAdc 

Emitter-Base  Reverse  Voltage 
(lE-50mA) 

VEBO 

7 

V 

Emitter-Cutoff  Current 
(VEB«5  VI 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
IVCE  *  30  V.  t  -  1 tl 
IVCE  =  140  V,  t  =  1  s) 

'S/b 

5 
0.15 

Adc 

DC  Current  Gain 

(IC-8A,  VCE-2V) 
(lc  =  15  A,  VCE  =  4VI 

nFE 

20 
10 

60 

Collector-Emitter  Saturation  Voltage 

vCE(sat) 

Vdc 

IIC  =  8  A,  lB  =  0.8  A) 

0.6 

(lc  -  15  A.  IB  =  1.88  Al 

1.5 

Base-Emitter  Saturation  Voltage 
(lc-  15  A.  IB  -  1.88  Al 

vBE(sat) 

1.8 

Vdc 

Current  Gain  -  Bandwidth  Product 

«T 

MHz 

(VCE  -  15  V.  IC-  1  A,  f  =  4  MHz! 

8 

SWITCHING  CHARACTERISTICS  (Resistive  Load! 


Turn  on  Time 

(IC-15A.  IB1  =  IB2  =  188A. 
Vcc-30  V.  RL=  211) 

ton 

1.2 

cs 

Storage  Time 

Is 

1.2 

Fall  Time 

tf 

0.25 

'  Pulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  <2%. 


BUV11N 


FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


10  100  160 

VCE.  C0LUCT0R  EMITTfcR  VOLTAGE  (V) 

FIGURE  3  -  "ON"  VOLTAGES 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  lc_VC£  ''mitt  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  TC  =  25"C;  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN415A) 


FIGURE  A  —  DC  CURREM 
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1  10 
IC.  COLLECTOR  CURRENTIAI 


10  10 
IC.COLLtCIOH  CURRENT iA 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 
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MOTOROLA 


SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 


.  designed  for  high  speed,  high  voltage,  high  power  applications. 


•  High  DC  current  gain: 

HFE  min.  =  20  at  Ic  =  5  A 

•  Very  fast  switching  times: 

Tg  max.  =  1.5  lis  at  Ic  =  10  A 
Jf  max.  =  0.5  Ais  at  Ic  =  10  A 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

250 

Vdc 

Collector-Base  Voltage 

VCBO 

300 

Vdc 

Emitter-Base  Voltage 

vEBO 

7 

Vdc 

Collector-Emitter  Voltage  <VBE  =  -1.5  V) 

VCEX 

300 

Vdc 

Col  lector- Emitter  Voltage  (Reje  =  lOOH) 

VCER 

290 

Vdc 

Collector-Current  —  continuous 

—  peak  (pw  <  10  ms) 

ic 

'CM 

20 
25 

Adc 
Apk 

Base-Current  continuous 

>B 

A 

Adc 

Total  Power  Dissipation  @Tq  =25 °C 

PD 

150 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tsta 

-65  to  200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case 

9jC 

1.17 

t/W 

.  , 

FIGURE  1  -  POWER  DERATING 


v 

Tc.  TEMPERATURE  lt\ 


20  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

250  VOLTS 
150  WATTS 


i_,  L 


13- 


SEATING 


STYLE  1. 
PIN  I  BASE 

2  EMITTER 
CASE-COLLECTOR 
STYLE  2: 
PIN  1  BASE 

2  COLLECTOR 
CASE  EMITTER 


MILLIMETERS 


29  90 


30.40 
II  18 


4  78 


MAX 

0  450 

1  m 

IJS7S 


t)  1 6J_ 
0  525 
')  IBS 


All  )E  [  J  E  L  •!  ■  "■  1 1 ■.  .mil  miles  -f |i|.l y 

CASE  1  03 
(T03) 
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ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
dC  =  200  mA,  lB  =  0,  L  =  25  mHl 

VcEOIsusI 

250 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biats: 
(Vce  =  300V,  VBE  =  -1.5  V) 
(VCE  =  300V,  VBE  =  -1.5  V,TC  =  125°CI 

'CEX 

1.5 
6 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE=200  VI 

'CEO 

1.5 

mAdc 

Emitter-Base  Reverse  Voltage 
(lE  =50  mAI 

vEB0 

7 

V 

Emitter-Cutoff  Current 
|VEB=5  V) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
(VCE  =  30  V,  t  =  1  s) 
<VCE  =140  V,  t  =  1  s) 

Adc 

'S/b 

3.0 
0.15 

ON  CHARACTERISTICS1 

DC  Current  Gain 

(lc=  5  A,  VCE=4VI 
(lC  =  10A,VCE=4  VI 

"FE 

20 
10 

60 

Collector-Emitter  Saturation  Voltage 
(lc=  5  A,  lB  =  0.5  Al 
IIC  =  10A,IB  =  1.25  Al 

VCEIsat) 

1.0 
1.5 

Vdc 

Base-Emitter  Saturation  Voltage 
IIC  =  10A,IB=1.25A). 

vBE(satl 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 
(VCE  =  15  V.  IC  =  1  A.  f  =4  MHz) 

fT 

8.0 

MHz 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 

Turn  on  Time 

IC  =  10A,IB1  =IB2  =  1.25  A, 

ton 

0.7 

Ms 

Storage  Time 

k 

1.5 

(VCC  =  150  V.  RC=15S2) 

Fall  Time 

tf 

0.5 

1  Pulse  Test:  Pulse  Width  <300  Ms.  Duty  Cycle  <2°/o. 
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FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


tO  100       200  250 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (V) 


FIGURE  3  -  "ON"  VOLTAGES 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  IC'VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  =  25"C;  Tj(pto  is 
variable  depending  on  power  level  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN415A) 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


IC.  COLLECTOR  CURRENT  (Al 


a         n        i6  20 

16.  COLLECTOR  CURRENT  (A) 


FIGURE  4  -  DC  CURRENT  GAIN 


FIGURE  6  -  SWITCHING  TIMES  TEST  CIRCUIT 


RC  -  RB  Hon  mduetiw 


>C.  COLLECTOR  CURRENT  (A) 
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SWITCHMODE*  SERIES 

50  AMPERES 

NPN  SILICON  POWER  TRANSISTOR 

NPN  SILICON 

.  .  .  designed  for  high  speed,  high  current,  high  power  applications. 

POWER 
METAL  TRANSISTOR 

•  High  DC  current  gain : 

HFEmin.  =  20  at  lc  =  25A 
=  10  at  Ic  =  50  A 

125  VOLTS 
250  WATTS 

•  Low  VcE(sat): 

VcE(sat)  max-  =  0  6  V  at  Ic  =  25  A 
=  1.2  Vatic  =  50  A 

•  Very  fast  switching  times: 

Tp  =  0.25  lis  at  Ic  =  50  A 
I  

MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

125 

Vdc 

Collector-Base  Voltage 

vCBO 

160 

Vdc 

Emitter-Base  Voltage 

VEBO 

7 

Vdc 

Collector-Emitter  Voltage  (VB£  =  -1 .5  VI 

VCEX 

160 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  100S2I 

VCER 

150 

Vdc 

Collector-Current  -  continuous 

-peak  lpiM<10ms) 

ic 

'CM 

50 
60 

Adc 
Apk 

Base-Current  continuous 

IB 

10 

Adc 

Total  Power  Dissipation  @TC  =  25°C 

PD 

250 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

°C 

-65  to  200 

THERMAL  CHARACTERISTICS 

Characteristic 

Man. 

Unit 

Thermal  Resistance,  Junction  to  Case 

0JC 

0.7 

FIGURE  1  -  POWER  DERATING 

1.0 

DERATING  FACTOR 

1                 10                  80                120                ISO  200 
tc,  TEMPERATURE  Itl 

2.  EMITTER 
CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38  35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

635 

7  62 

0.250 

0.300 

D 

1  « 

1.60 

0.057 

0.063 

£ 

3.43 

0.135 

F 

29.S0 

30.40 

1.177 

1.197 

C 

10.67 

11.18 

0.420 

0.440 

0.225 

mm 

Bia»l*l-l«'!:tlI'Itfl 
UJUJPJJiiJPJ^LUlL.J 

KillKi:iauiJiiiiui 
run  in  i 

CASE  197-01 
MODIFIED  TO  3 
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ELECTRICAL  CHARACTERISTICS  (TC 

=  25°C  unless  otherwise  noted) 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS1 

Collector-Emitter  Sustaining  Voltage 
(lC  =  200  mA,  lB  =  0.  L  =  25mHI 

vCEO(sus) 

125 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
(VCE=140  V,  VBE=-1.BVI 
I VCE  =  140  V,  VBE  =  -1 .5  V.  Tc  =  1 25°CI 

ICEX 

3.0 
12 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  100  VI 

ICEO 

3.0 

mAdc 

Emitter-Base  Reverse  Voltage 
llE=60mA) 

VEBO 

7 

V 

Emitter-Cutoff  Current 
(VEB=5  VI 

lEBO 

1.0 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  base  forward  biased 
(VCE=20  V.  t  =  1  s) 
(VCE=40V,t  =  1s) 


'S/b 


12 
1.5 


■DM  I. 


ON  CHARACTERISTICS1 


DC  Current  Gain 

llC  =25  A,  VCE=2  V) 

hFE 

20 

60 

(lc  =  50A,  VCE=4  V) 

10 

Collector-Emitter  Saturation  Voltage 
(lc  =  25  A,  lB=2.5AI 

VCEIsatl 

0.6 

Vdc 

(lc  =  50  A,  lB  =  5A) 

1.2 

Base-Emitter  Saturation  Voltage 
(IC  =  50A.  IB=5AI 

vBE(satl 

2.0 

Vdc 



DYNAMIC  CHARACTERISTICS 

Current  Gain  —  Bandwidth  Product 
(VCE  =  15  V,  lc  =  2  A.  f  =4  MHzl 
I  1 

8.0 

MHz 

'  

SWITCHING  CHARACTERISTICS  (Ri 


Turn  on  Time 


Storage  Time 


Fall  Time 


IC  =  50A,  lei  ="B2=  5 
(VCC  =  30V,  RC  =  0.6n 


ton 

1.5 

1.2 

tf 

0.25 

1  Pulse  Test:  Pulse  Width  <300 Jis.  Duty  Cycle  =S2°/o. 


BUV20 


There  are  two  limitations  on  the  power  handling  ability  o*  a 
iransistor:  average  junction  temperature  and  second  break 
down  Safe  operating  area  curves  indicate  lc  VCE  limits  of 
Ihe  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion  than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  -  25  C;  Tj(pk|  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown  (See  AN415A) 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


i  i  i 

VCC  ■  30  V   
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"CHING  TIMES  TEST  CIRCUIT 


RC  -  Non  inductive  ri 
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® 


SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 

.  . .  designed  for  high  speed,  high  current,  high  power  applications. 

•  High  DC  current  gain: 

HFEmin.  =  20  at  lc=12A 

•  Low  VcE(sat).  vCE(sat)  "lax.  =  0.6  V  at  Ic  =  8  A 

•  Very  fast  switching  times: 

Tp  max.  =  OA  lis  at  Ic  =  25  A 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

200 

Vdc 

Collector-Base  Voltage 

VCBO 

250 

Vdc 

Emitter-Base  Voltage 

VEBO 

7 

Vdc 

Collector-Emitter  Voltage  IVBE  =  -1.5  V) 

VCEX 

250 

Vdc 

Collector-Emitter  Voltage  (RfjE  =  1000) 

VCER 

240 

Vdc 

Collector-Current  —  continuous 

-peak  (pw<10ms) 

ic 

I  CM 

40 

50 

Adc 
Apk 

Base-Current  continuous 

•b 

8 

Adc 

Total  Power  Dissipation  @Tc  =  25°C 

150 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

Tj,Ts,g 

-65  to  200 

THERMAL  CHARACTERISTICS 

 Ch*r*ct*fi*"<:  

Symbol 

Max. 

Unit 

\Thermal  Resistance,  Junction  to  Case 

0JC 

0.7 

DERATING  FACTOR 

FIGURE  1  -  POWER  DERATING 

■  • 

1                   80                  120                  160  200 
Tc,  TEMPERATURE  (t) 

40  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

200  VOLTS 
250  WATTS 


STYLE  1: 
PIN  1.  BASE 

2.  EMITTER 
CASE.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38  35 

39.37 

1.510 

1.550 

1 

1930 

21  08 

0  760 

0  830 

C 

6.36 

762 

0  250 

0.300 

D 

1 .45 

1  60 

0.057 

0.063 

E 

3.43 

0.135 

f 

29.90 

30.40 

1.177 

1  197 

0 

1067 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0  655 

0.675 

K 

It. 18 

12.19 

0.440 

0.4M 

0 

3.84 

4.09 

0  151 

0.161 

R 

24.89 

26.67 

0.960 

1.050 

CASE  197-01 
MODIFIED  TO  3 
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ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS1 

Collector-Emitter  Sustaining  Voltage 
(IC=200mA.  IB  =0.  L  =  25  mH) 

vCEO(sus) 

200 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
1 VCE  =  250  V,VBE=  -1.5  V) 
I VCE  =  250  V,  VBE  =  -1 .5  V.  TC  =  1 25°C) 

'CEX 

3.0 
12.0 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  160V) 

'CEO 

3.0 

mAdc 

Emitter-Base  Reverse  Voltage 
llE=50mAI 

VEBO 

7 

V 

Emitter-Cutoff  Current 
IVEB  =  5  V) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
IVCE  =  20V,t  =  1sl 
(VCE  =  140  V,  t='1  s) 

IS/b 

12 
0.15 

Adc 

ON  CHARACTERISTICS1 

DC  Current  Gain 

(lc  =  12  A,  Vce  =2  VI 
Uc  =  25  A,  VCE  =4  V) 

hFE 

20 
10 

60 

Collector-Emitter  Saturation  Voltage 
tlC=12A,lB  =  1,2A) 
llC  =  25A,lB=3AI 

VCE(sat) 

0.6 
1.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC  =  25A,lB=3A) 

vBEIsatl 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  —  Bandwidth  Product 
|VCE  =  15  V,  lc=2  A,  f  =4  MHz) 

k 

8.0 

MHz 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 


Turn  on  Time 

lC=  25A.  IB1  =IB2=  3  A. 
|Vcc=100V.RC  =  4ni 

Ion 

1.0 

Storage  Time 

<s 

1.8 

Fall  Time 

«f 

0.4 

1  Pulse  Test:  Pulse  Width  <300 Ms.  Duty  Cycle  <2°/o. 


o-oo  I 


FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break 
down.  Safe  operating  area  curves  indicate  lC  VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  =  25  C,  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN415AI 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


lC.  COLLECTOR  CURRENT  (Al 


5  'c.  COLLECTOR  CURRENT  (A)  ^ 


FIGURE  4  -  DC  CURRENT  GAIN 


FIGURE  6  -  SWITCHING  TIMES  TEST  CIRCUIT 


 1 

VCE  = 

5  V 

TIAI 


J—  10000(,F 


VCC-  MV 

nc  =  «n 

Kg   -  !.2  I! 


® 


BUV21N 


SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 

. . .  designed  for  high  speed,  high  current,  high  power  and  low  cost 
applications. 

•  High  DC  current  gain :  HFE  min.  =  15  at  Ic  =  20  A 

•  Low  VcE(sat):  VCE(sat)  max-  =  1  0  V  at  Ic  =  20  A 

=  1.8  Vat  lc  =  40A 

•  Very  fast  switching  times: 
Tp  max.  =  0.2  jus  at  Ic  =  40  A 




40  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 


160  VOLTS 
250  WATTS 







MAXIMUM  RATINGS 




Rating 

Symbol 

Value 

Unit 

Cc 

Hector-Emitter  Voltage 

vCEO(sus) 

160 

Vdc 

Collector-Base  Voltage 

VcBO 

220 

Vdc 

Emitter-Base  Voltage 

VEBO 

7 

Vdc 

Collector-Emitter  Voltage  (VBg  =-1.5  V) 

VCEX 

220 

Vdc 

Collector-Emitter  Voltage  (RBE  =  10012) 

VCER 

200 

Vdc 

Collector-Current  -  continuous 

—  peak  (pw  <  1 0  ms) 

ic 

ICM 

40 

50 

Adc 
Apk 

Base-Current  continuous 

>B 

10 

Adc 

Total  Power  Dissipation  @Tc  =25 °C 

PD 

250 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJTstg 

t 

-65  to  200 






THERMAL  CHARACTERISTICS 


cfristic 

Unit 

Thermal  Resistance,  Junction  to  Case 

0JC 

0.7 

t/w 

FIGURE  1  -  POWER  DERATING 

DERATING  FACTOR 

\ 

N 

1  « 

I             m  iz 

tc.  tEMPERAtURE 

J  IS 

m 

0  200 

STYLE  h 
PIN  I.  BASE 

2.  EMITTER 
CASE.  COLLECTOR 


DIM 

MILL!* 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.610 

1.550 

I 

19.30 

21.08 

0.760 

0.630 

C 

6.35 

7.62 

0.250 

0.300 

0 

1  45 

1.00 

0.057 

0.003 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1  197 

G 

10.67 

11.16 

0.420 

0.440 

H 

5.21 

5.72 

6.206 

1 225 

) 

IS.64 

17.15 

0  655 

J-57S 

I 

11.18 

12.19 

0.440 

0.400 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24  89 

2107 

0  980 

1.050 

I  197-01 
MODIFIED  TO  3 
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ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS1 

Collector-Emitter  Sustaining  Voltage 
(lC=200mA.  IB  =  0,  L  =  25mH> 

vCEO(sus) 

160 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
(VCE=220V.VBE=-1.5  V) 
|VCE  =  220  V.  VBE  =  -1.6  V,  TC  =  125°C) 

'CEX 

3.0 
1 2.0 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE=130  VI 



iCEO 

J.u 

mAdc 

1 

Emitter-Base  Reverse  Voltage 
(lE  =50  mA) 

vEB0 

7 

K 

Emitter-Cutoff  Current 
(VEB=5V) 

'ebo 

1.0 

mAdc 

SECOND  BREAKDOWN 

becond  Breakdown  Collector  Current  with  base  forward  biased 
IVrc=  25V,t  =  0.6sl 

'S/b 

10 

Adc 

(VCE  =140V,t  =  0.5  s) 

0.3 

ON  CHARACTERISTICS1 



DC  Current  Gain 

IIC  =  20A,  VCE=4  VI 





15 

60 

(lc=40A.  VCE=4  VI 

10 

Collector-Emitter  Saturation  Voltage 
IIC  =20  A,  lB  =  2A) 

VCEIsatl 

1.0 

Vdc 

llc=40  A.  IB  =6  A) 

1.8 

Base-Emitter  Saturation  Voltage 
(IC=40A.IB=BA) 

Vdc 

vBE(sat) 

2.0 

DYNAMIC  CHARACTERISTICS 


Current  Gain  —  Bandwidth  Product 
(VCE  =  15  V,  IC  =  2  A,  f  =4  MHzl 


8.0 


SWITCHING  CHARACTERISTICS  (Resistive  Load) 


'on 

1.2 

»s 

1.0 

«f 

0.2 

Turn  on  Time 


Storage  Time 


Fall  Time 


IC=40A,  lB1  =IB2=  5> 
(VCC  =  30V,  HC  =  0J 


1  Pulse  Test:  Pulse  Width  <300(is.  Dutv  Cycle  <2°/o. 
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FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


100  160 
VCE,  COLLECTOR  EMITTER  VOLTAGE  (VI 


FIGURE  3  -  "ON"  VOLTAGES 


IC/IB  = 

10 

VBE(U 

) 

/ 

n 

- 

VCFfii 

1 

1 

There  are  Iwo  limitations  on  the  pov.^  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break 
down.  Safe  operating  area  curves  indicate  lc  VCt  l^its  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  =  25  C,  Tj{pk)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
.-posed  by  second  b,eakdowrv  !See  AN415AI 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


IC.  COLLECTOR  CURRENT  (A) 


Vcc  =  30  V  — 
/IBI  -  TO  _ 
IR1  -  102 

1 

- 

^  1  1 

— 

■v.  i. 

Ion 

 ' 

1 



IC.  COLLECTOR  CURRENT  (A) 


FIGURE  4  -  DC  CURRENT  GAIN 


VCE  - 

4  V 

s 

II 

FIGURE  6  -  SWITCHING  TIMES  TEST  CIR 


I  Vcc 


RC  Non 


10' »F 


VCC     30  V 

RC      0.J  !>. 


IC.  COLLECTOR  CURRENT  (Ai 
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SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 

.  .  .  designed  for  high  current,  high  speed,  high  power  applications. 

•  High  DC  current  gain :  HFE  min.  =  20  at  Ic  =  10  A 

•  Low  VcE(sat):  VcE(sat)  max.  =  1.0  V  at  Ic  =  10  A 

•  Very  fast  switching  times: 

Tp  max.  =  0.35  us  at  Ic  =  20  A 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

125 

Vdc 

Collector-Base  Voltage 

VCBO 

300 

Vdc 

Emitter-Base  Voltage 

vEBO 

7 

Vdc 

Collector-Emitter  Voltage  (Vbe  =  -1  5  VI 

VCEX 

300 

Vdc 

Collector-Emitter  Voltage  (Rre  =  10o£2) 

VCER 

290 

Vdc 

Collector-Current  —  continuous 

-peak  lpw<10msl 

ic 

ICM 

40 
50 

Adc 
Apk 

Base-Current  continuous 

IB 

8 

Adc 

Total  Power  Dissipation  @Tc  =  25°C 

PD 

250 

Watts 

Operating  and  Storage  Junction 

Tj.Tstg 

-65  to  200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max. 

Unit 

0.7 

°CW 

DERATING  FACTOR 

ll         6         B         fl  ~ 

FIGURE  1  -  POWER  DERATING 

0                   40                   BO                 120                  160  200 

Tc.TEMMRATUIlECtI 



40  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

250  VOLTS 
250  WATTS 


i 

STYLE  1: 
PIN  1.  BASE 

2.  EMITTER 
CASE.  COLLECTOR 


DIM 

M1LLI8 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38  35 

39.37 

1.510 

1.550 

I 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

am 

E 

343 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

IOS7 

11.11 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

i 

lift 

17,1$ 

0655 

OPS 

K 

11.11 

12.19 

0.440 

0.480 

0 

3.14 

4.09 

0.151 

0.161 

1 

2419 

26.67 

0.980 

1.050 

CASE  197-01 
MODIFIED  TO  3 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS1 

Collector-Emitter  Sustaining  Voltage 
(lC=200mA,  lB=0,  L  =  25mH) 

vCEO(sus) 

250 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
IVCE  =  300  V,  VBE  =-1.5  V) 
IVCE  =  300  V,  VBE  =-1.5  V,  TC  =  125°C> 

'CEX 

3.0 
12.0 

mAdc 

Collector-Emitter  Cutoff  Current 
|VCE=200V) 

ICEO 

3.0 

mAdc 

Emitter-Base  Reverse  Voltage 
(lE=50mAI 

VEBO 

7 

V 

Emitter-Cutoff  Current 
<VEB  =  5V) 

iebo 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
(VCE=  20  V,  t  =  1  s) 
(VCE=140V,t=1s) 

Adc 

'S/b 

12 
0.15 

ON  CHARACTERISTICS' 

DC  Current  Gain 

(IC  =  10A,  VCE=4VI 

"FE 

20 

60 

(lC  =  20  A,  VCE=4  VI 

10 

Collector-Emitter  Saturation  Voltage 
(lc  =  10  A,  lB=1  A) 
(lc=20A.IB  =  2.5A) 

VCE(sat) 

1.0 
1.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(|C  =  40A.  iB=4A) 

vBE(sat) 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  —  Bandwidth  Product 
(VCE  =  15  \/,  lc  =  2  A,  f  =4  MHz) 

H 

8.0 

MHz 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 


Turn  on  Time 


Storage  Time 


Fall  Time 


lC=20A,lB1=lB2  =  2.5  A, 
(Vcc=100V,RC  =  5ni 


ton 

0.8 

Als 

ts 

1.1 

<f 

0.36 

Pulse  Test:  Pulse  Width 


<300fls.  Duty  Cvcle  <2°/o. 
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FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  break 
down.  Safe  operating  area  curves  indicate  IcVCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  =  25°  C;  Tj(pk|  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown,  (See  AN415A) 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 
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SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 


.  .  .  designed  for  high  current,  high  speed,  high  power  applications. 

•  High  DC  current  gain :  HFE  min.  =  15  at  Ic  =  8  A 

•  Low  VcE(sat).  vCE(sat)  max.  =  0.8  V  at  Ic  =  8  A 

•  Very  fast  switching  times 


Tp  =  0.4/wat  lc=  16  A 


30  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

32S  VOLTS 
250  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

325 

Vdc 

Collector-Base  Voltage 

VCBO 

400 

Vdc 

Emitter-Base  Voltage 

vEBO 

7 

Vdc 

Collector-Emitter  Voltage  (VgE  =  —1.5  V) 

VCEX 

400 

Vdc 

Collector-Emitter  Voltage  (RrjE  =  lOOfi) 

VCER 

390 

Vdc 

Collector-Current  —  continuous 

-  peak  (pw<  10  ms) 

ic 

'CM 

30 
40 

Adc 
Apk 

Base-Current  continuous 

<B 

6 

Adc 

Total  Power  Dissipation  @Tc  =  25°C 

PD 

250 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

t 

-65  to  200 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case 

9jc 

0.7 

t/w 

1.0 

FIGURE  1  -  POWER  DERATING 

XL  1 

DERATING  FACTOR 

■                   40                   BO                 120                  160  200 
TC,  TEMPERATURE  (TCI 

STYLE  I: 
PIN  I.  BASE 

2.  EMITTER 
CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

38  35 

39  37 

1.510 

1  550 

1330 

21.08 

0  760 

0.830 

635 

7.62 

0  250 

0  300 

1  45 

1.60 

0.057 

0  063 

3.43 

0  135 

29.90 

30.40 

1.177 

1.197 

1067 

11.18 

0.420 

0  440 

5.21 

5.72 

O.ZOS 

0.225 

16.64 

17.15 

0  655 

0.675 

11.18 

12.19 

0.44O 

0.490 

a 

3.84 

4.09 

0.151 

0  161 

R 

24.19 

25.67 

0.980 

1.050 

CASE  197-01 
MODIFIED  TO  3 
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ELECTRICAL  CHARACTERISTICS  (Tc  = 

25  C  unless  otherwise  noted) 

Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS1 

.  

Collector-Emitter  Sustaining  Voltage 
(lC  =  200mA,  lB=0.  L  =  25mH) 

VCEO(sus) 

325 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
(VCE=400V,  VBE  =  -1.5VI 
<VCE=400V.  VBE=-1.5  V,TC  =  125°C) 

'CEX 

3.0 
12 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE=260V) 

ICEO 

3.0 

i  

mAdc 

Emitter-Base  Reverse  Voltage 
(lE  =50  mA) 

VEBO 

7 

V 

Emitter-Cutoff  Current 
(VEB=5  V) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  fc 
(VCE=  20  V,t  =  1  s) 

rward  biased 

'S/b 

12 

Adc 

(VCE  =  140  V,  t  =  1  s) 

0.15 

ON  CHARACTERISTICS1 

DC  Current  Gain 

llC=  8A,VCE=4V> 

hFE 

15 

60 

(IC=16  A.  VCE=4  V) 

8 

Collector-Emitter  Saturation  Voltage 
IIC=  8  A.  IB=1.6A) 
llC  =  16  A,  lB  =  3.2A) 

VCE(sat) 

0.8 
1.0 

Vdc 

Base-Emitter  Saturation  Voltage 
llC  =  16  A.  IB  =  3.2  Al 

VBEIsatl 

Vdc 

1.5 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 
(VCE  =  15V,lc  =  2A,f=4MHz) 

H 

8.0 

MHz 

SWITCHING  CHARACTERISTICS  (F 


i  Load) 


Turn  on  Time 

IC  =  16A,IB1=IB2=3.2A, 
(VCC  =100  V.RC  =6.25  O) 

*on 

0.8 

*!s 

Storage  Time 

«s 

1.8 

Fall  Time 

'f 

0.4 

1  Pulse  Test:  Pulse  Width  <300*ls.  Duty  Cycle  «2°/o. 
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FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor ;  average  junction  temperature  and  second  break 
down.  Safe  operating  area  curves  indicate  lc  VCE  lirnits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  -  25"C;  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
■  mposed  by  second  breakdown.  ISee  AN415AI 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


1  1  1  

Vcc  »  100  V  ~ 

Ic/lm  -5  _ 

—  I» 

- 

IF 

0             *  I 

1!  1 

20 

lC,  COLLECTOR  CURRENT  lA) 


FIGURE  6  -  SWITCHING  TIMES  TEST  CIRCUIT 
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SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 


.  .  .  designed  for  high  current,  high  speed,  high  power  applications. 


•  Low  VcE(sat).  VCE(sat)  max-  =  1  0  V  at  Ic  =  12  A 

•  Very  fast  switching  times: 

TF  max.  =  0.9  usatlc=12A 


20  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

400  VOLTS 
250  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

400 

Vdc 

Collector-Base  Voltage 

vCBO 

450 

Vdc 

Emitter-Base  Voltage 

VebO 

7 

Vdc 

Collector-Emitter  Voltage  (V8E  =  -1.5  VI 

VCEX 

450 

Vdc 

Collector-Emitter  Voltage  IRpjE  =  100$2| 

VCER 

440 

Vdc 

Collector-Current  —  continuous 

-peak  lpw<10msl 

iq 

ICM 

20 
30 

Adc 
Apk 

Base-Current  continuous 

IB 

4 

Adc 

Total  Power  Dissipation  @Tc  =  25°C 

?D 

250 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  200 

t 

THERMAL  CHARACTERISTICS 


Ch  ar actor  i  st  i  c 

Symbol 

Unit 

Thermal  Resistance,  Junction  to  Case 

9jc 

0.7 

t/W 

FIGURE  1  -  POWER  DERATING 

1.0 

I    |    i  r 

1 

0.8 

i  FACTOR 

■ 

S  0.4 

S 

0.2 

_^ 

D 

40 

10  120 
TC.  TEMPERATURE  Itl 

160 

200 

NOTES 

1   DIME  NSlONS  □  AMD  v  ARE  0 AT  UMS 
?  QJ'SSfAHNGPlAN.  AND  DATUM 
3  POSntOHAl  TOLERANCE  fOR 
MOUNTING  HO  I  f  0 

[  ♦  [  lumoosTe  I~iTv~0l 

FOR  LEAPS  ^     

[ rjnnoooMQT  j  Mi3|  0©] 


MIUIME  TERS 

INCHES 

DIM 

■M 

MAX 

MIS 

MAI 

A 

39  3' 

1  »0 

B 

:  3t 

■.  m- 

C 

B  35 

1  S7 

0  750 

0  300 

0 

0  V 

1  09 

B  lUS 

0  043 

E 

343 

0  135 

F 

30  1 

BSC 

i  iar  bsc 

G 

109 

BSC 

0  430  BSC 

H 

M 

BSC 

0  Z1 

BSC 

J 

16  fl 

BSC 

!  if 

esc 

K 

-•if. 

1?  19 

rj  «0 

o  m 

0 

J  11 

4  19 

fl  150 

0  IG5 

fi 

/an 

1  fi's,] 

u 

a  83 

533 

0  190 

n?u) 

36! 

4  19 

o  tsa 

0  IKS 

CASE  1  05  TO  3 
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ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min. 

Mas. 

Unit 

OFF  CHARACTERISTICS1 

Collector-Emitter  Sustaining  Voltage 
dc  =  200  mA,  Ifj  =  0,  L  =  25  mHI 

VCEO(sus) 

400 

Vdc 

Collector  Cutolf  Current  at  Reverse  Biais: 
(VCE  =  450V,VBE  =  -1.5V) 
(VCE  =450  V,  VBE  =-1.5  V.  Tc  =125°C) 

'CEX 

3.0 
12.0 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE=320VI 

'CEO 

30 

mAdc 

Emitter-Base  Reverse  Voltage 
(IE  =50  mAl 

vEBO 

7 

V 

Emitter-Cutoff  Current 
|VFB  =  5  VI 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
(VCE=  20  V,  t  =  1  s) 
(VCE  =  140  V,  t  =  1  si 

'S/b 

12 
0.15 

Adc 

ON  CHARACTERISTICS' 

DC  Current  Gain 

(lc  =  6  A.  VCE  =4  V) 
dc  =  12  A.  Vce  =4  V) 

hFE 

GO  CJ1 

60 

Collector-Emitter  Saturation  Voltage 
(lc=  6  A.  IB  =  1.2  A) 
llc  =  12  A.  IB  =  2.4  A) 

VCEIsatl 

0.6 
1.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC  =  12  A.  IB  =  2.4  A) 

vBEIsat) 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current  Gain  -  Bandwidth  Product 
(VCE  =  15  V.  IC  =  2  A.  f  =4  MHz) 

fT 

8.0 

MHz 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 


Turn  on  Time 

lC  =  12A,  lB1  —  \Q2~  2-4  A, 
(VCC=120  V,  RC=8.3  fi) 

1.6 

Us 

Storage  Time 

ts 

3.0 

Fall  Time 

tf 

0.9 

J7 


1  Pulse  Test:  Pulse  Width  <300jis,  Duty  Cycle  <2°/o. 
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FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 

I  I  I  MINI 


FIGURE  3  -  "ON"  VOLTAGES 


4 

>  3 

IC/lB 

-  5 

■  ■  VCEIII 

i)  - 

< 

> 

i 

i — * 

;HV  % 

.  VBE(u 

1  ■ 

0 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  Ic  VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa 
lion  than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  s  25  C,  Tjjpk)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  wiil  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN415A) 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


i 

»CC  —  Hi  » 
/IB  -  5  _ 

-  I 

'Bl 

I 

-  1 

Ion 

IC-  COLLECTOR  CURRENT  IAI 


0        2        I         ■        I        10       12  14 

Ifc  COLLECTOR  CURRENT  (A) 


FIGURE  4  -  DC  CURRENT  GAIN 


FIGURE  6  -  SWITCHING  TIMES  TEST  CIRCUIT 


TEST  CIRCUIT 


RC  -HB:N»n„ 


lC.  COLLECTOR  CURRENT  IAI 
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SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 

.  . .  designed  for  high  speed,  high  voltage,  high  power 

•  Low  VcE(sat).  vCE(sat)  max.  =  1.5  V  at  Ic  =  8  A 


•  Very  fast  switching  times: 

:  max.  =  0.8  ms  at  Ic  =  8  A 


Tp  m 

_ 




15  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

32S  VOLTS 
1 50  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

325 

Vdc 

Collector-Base  Voltage 

vCBO 

400 

Vdc 

Emitter-Base  Voltage 

VEB0 

7 

Vdc 

Collector-Emitter  Voltage  (VBg  =-2.5  V) 

VCEX 

400 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  100  fil 

VCER 

390 

Vdc 

Collector-Current  -  continuous 

—  peak  (pw  <  1 0  ms) 

ic 

I  CM 

15 
20 

Adc 
Apk 

Base-Current  continuous 

>B 

3 

Adc 

Total  Power  Dissipation  @TC  =25 °C 

PD 

150 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

°C 

-65  to  200 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance.  Junction  to  Case 

*IC 

1.17 

°c/w 

DERATING  FACTOR 

FIGURE  1  -  POWER  DERATING 
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ELECTRICAL  CHARACTERISTICS  (Tq  =  25°C  unless  otherwise  noted) 

Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS1 

Collector-Emitter  Sustaining  Voltage 
llC  =  200  mA.  IB  =  0,  L  =  25  mHl 

vCEOIsusl 

325 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
<VCE  -400V,  VBE     -1.5  V) 
(VCE  -400  V,  Vgr£  =  -1 .5  V,       =  1  25JCl 

'CEX 

'  

1.5 
6.0 

mAdc 

Collector-Emitter  Cutoff  Current 
(Vce  -260  V) 

'CEO 

1 .5 

mAdc 

Emitter-Base  Reverse  Voltage 
(lE  =  50  mA) 

vEBO 

7 

V 

EmitterCutoff  Current 
(VEB=5V) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

.  . 

Adc 

Second  Breakdown  Collector  Current  with  base  forward  biased 
(VCE  =  30  V.  t  =  1  si 

'S/b 

5 

IVCE  =140  V.  t  =  1  si 

0.15 

ON  CHARACTERISTICS' 


DC  Current  Gain 

(lc  =  4  A.  VCE  =4  VI 

nF  E 

15 

60 

llC  =  8  A.  VCE  =4  VI 

8 

Collector  Emitter  Saturation  Voltage 
(lc  =  4A.lg  =0.8  Al 
llc  =)  8  A.  IB  =  1.6  A) 

VCEIsat) 

0.8 

Vdc 

1 .5 

Base-Emitter  Saturation  Voltage 
llc  =  8  A.  IB  =  1.6  A) 

vBE(sat) 

Vdc 

15 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 
IVCE  =  15  V.  IC  =  1  A.  f  —  4  MHz) 

'T 

8.0 

MHz 

■ 


SWITCHING  CHARACTERISTICS  (Resistive  Load) 


Turn  on  Time 

IC  =  8  A.  IB1  =  IB2  =1.6  A. 
(Vcc  =  150  V.  RC  =   18.7  S2) 
i  

ton 

1  .2 

Its 

Storage  Time 

<s 

2.5 

Fall  Time 

'1 

0.8 

1  Pulse  Test.  Pulse  Width  <300  JJs.  Duty  Cycle  sS2°/o 


FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break 
down.  Safe  operating  area  curves  indicate  IC"VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e..  the  transistor  must  not  be  subjected  to  greater  dissipa 
tion  than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tq  =  25  C.  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown  (See  AN415A) 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


10  100  325 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VI 


FIGURE  3  -  "ON"  VOLTAGES 
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— 

FIGURE  4  —  DC  CURRENT  GAIN 
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FIGURE  6  -  SWITCHING  TIMES  TEST  CIRCUIT 
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BUX39 


erxua 

MOTOROLA 


NPN  SILICON  POWER  METAL  TRANSISTOR 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

.  .  .  designed  for  high  speed,  high  current,  high  power  application. 

30  AMPERES 

•  High  current  gain  —  bandwidth  product  Ft  min.  =  8.0  MHz 

•  High  DC  current  gain  Hfe  min.  15  @  lc  =  12  A. 
Very  fast  switching  times 

tF  max.  =  0.25  us  <°>  lc  "  20  A 

MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCFO(sus) 

90 

Vdc 

Collector-Base  Voltage 

vCBO 

120 

Vdc 

Emitter-Base  Voltage 

vEBO 

7 

Vdc 

Collector-Emitter  Voltage  (VfjE  =1.5  V] 

VCEX 

120 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  100S1) 

VCER 

110 

Vdc 

Collector-Current  —  continuous 

-  peak  (pw  <  10  ms) 

ic 

I  CM 

30 
40 

Adc 
Apk 

Base-Currenr  continuous 

>B 

6 

Adc 

Total  Power  Dissipation  @  T"c  =  25  0  C 

PD 

120 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  200 

-c 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case 

ojc 

1.46 

c/yv 

FIGURE  1  -  POWER  DERATING 


._  - 1"  . 



X 

80  170  160 

TC  TEMPERATURE  (XI 


3: 


r  or: 


SEATING      U  L 

PLANE 


STYLE  1 
PIN  I.  BASE 

2  EMITTER 
CASE  COLLECTOR 
STYLE  2: 
PIN  1,  BASE 

2.  COLLECTOR 
CASE-EMITTER 


DIM 

MILL  IM 
MIN 

TEAS 
MAX 

INC 
MIN 

HES 
MAX 

1 

22  23 

0  875 

C 

£35 

11  43 

0250 

0  450 

D 

0.97 

l  09 

0036 

0  043 

E 

343 

0  135 

F 

29.90 

30  40 

1  177 

1.197 

C 

10.6? 

1 1  !8 

0  4?(J 

0  440 

H 

521 

5  72 

0205 

0  225 

J 

16.64 

17  15 

0  655 

0.675 

K 

7  9; 

0.312 

a 

384 

4,09 

0  151 

0  161 

s 

13.34 

0  525 

T 

^13. 

0.88 

CASE  1  03 
IT03I 


BUX39 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25  °C  unless  otherwise  noted) 

Characteristic  Symbol 

Mm. 

Unit 

1 

OFF  CHARACTERISTICS' 

Collector-Emitter  Sustaining  Voltage 
(lc  =  200  mA.  IB  =  0,  L  =  25  mH) 

VcEO(sus) 

90 

Vdc 

Collector-Emitter  Cutoff  Current  at  Reverse  J'as  Voltage 
!VCE  =  120  V.  VBE--1.5  V) 
(VCE  -  120  V.  VBE  -  -1.5  V.  TC  -  125  "CI 

1 
5 

mAdc 

Collector  E.nitter  Cutoff  Current 
(VCE-?0  VI 

'CEO 

1 

mAdc 

Emitter-Base  Rever 
llE  =  50mAI 

se  Voltage 

vEBO 

7 

V 

Emitter. Cutoff  Current 
IVEB  '  5  VI 

lEBO 

1 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Cunent  with  base  forward  b'iised 
(VCE  -  45  V.  t  -  1  si 
IVCE  =  30  V,t  =  ls) 

'S/b 

1 
4 

Acfc 

ON  CHARACTERISTICS' 

DC  Current  Gain 
|IC-  12  A.  VCE 
«IC=20A.  VCE 

-4  V) 
=  4  VI 

nFE 

15 
8 

45 

Collector-Emitter  Saturation  Voltage 
He  "  12  A.  IB  f  1.2  Al 
(IC  -  20  A.  IB  r  2.5  A) 

vCE(satl 

1.2 
1.6 

Vdc 

Base-Emitter  Saturation  Voltage 
llc  =20  A,  lB  =  2  5  A) 

vBE(sat) 

2.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 
IVCE=15V.  Ic=1  A.  f  =  4MHz) 

'T 

m  at 

MHz 

SWITCHING  CHARACTERISTICS  (Resistive  Loadl 

Turn  on  Time 

IC  =  20  A,  IB1  ■  lB2  =  2.5  A, 
VCE  "  30  V.  RC-  1.5S2I 

ion 

1.2 

MS 

Storage  Time 

>s 

1.0 

Fall  Time 

tf 

0.25 

'  Pulse  Test:  Pulse  Width  «  300  us.  Duty  Cycle  =  2%. 

3-679 


BUX39 


FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  Ic^CE  l'm,'s  °* 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  =  25cC;  Tj(p^)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN415A} 


0  10  30  HO 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VI 


FIGURE  3  -  "ON"  VOLTAGES  FIGURE  4  -  DC  CURRENT  GAIN 


IC.  COLLECTOR  CURRENT  (A)  Irj,  COLLECTOR  CURRENT  (Al 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE  FIGURE  6  -  SWITCHING  TIMES  TEST  CIRCUIT 


!rj.  COLLECTOR  CURRENT  (A) 
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MOTOROLA 


BUX40 


SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 

. . .  designed  for  high  speed,  high  current,  high  power  applications. 


•  High  D.C.  current  gain: 

HFEmin.:  15  at  lc  =  10A 

•  Very  fast  switching  times : 

Tp  max.  =  0.25  ms  at  Ic  =  15  A 




MAXIMUM  RATINGS 


20  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

12S  VOLTS 
1 20  WATTS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

125 

Vdc 

Collector-Base  Voltage 

VCBO 

160 

Vdc 

Emitter-Base  Voltage 

VEBO 

7 

Vdc 

Collector-Emitter  Voltage  ( VgE  =  —  2-5  V) 

VCEX 

160 

Vdc 

Collector-Emitter  Voltage  (Rbe  =100  CI) 

VCER 

150 

Vdc 

Collector-Current  -  continuous 

-peak  (pw<10ms) 

ic 

'CM 

20 
28 

Adc 
Apk 

Base-Current  continuous 

'B 

4 

Adc 

Total  Power  Dissipation  @Tc  =  25 °C 

PD 

120 

Watts 

Operating  and  Storage  Junction 

TJ.Tstg 

°C 

Temperature  Range 

-65  to  200 

THERMAL  CHARACTERISTICS 


Thermal  Resistance,  Junction  to  C 


Symbol 


*JC 


°C/W 


FIGURE  1  -  POWER  DERATING 

0.1 
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e 

u     0  6 
< 

a 

U 

1                 40                 10                120  11 
TC.  TEMPERATURE  111 

0  200 

STYLE  1 
PIN  f.  BASE 

2.  EMITTER 
CASE  COLLECTOR 


MILUM 

TJ  RS_ 

DIM 

MIN 

B 

0  875 
0  450 

C 

6  35 

0 

0.97 

1  09 

0  038 

0  0« 

3.43 

0  IT, 

H 

29.90 

30  40 

1  177 

1  197 

r  G 

io  e? 

11  18 

0.420 

0  440 

H 

521 

5  72 

0  205 

0  225 

J 

16  64 

17.15 

1)655 

B  K7S 

K 

7  92 

0312 

Q 

3.84 

4  09 

0.151 

0  161 

I 

1334 

0  525 

T 

4  78 

0  188 

All  JEOEC  climemimis  mid  BOftt  .ipplv 
CASE  1  03 
(TO  31 


BUX40 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Ch  aract  e  r  i  si  i  c 

Symbol 

mm 

Max. 

Unit 

OFF  CHARACTERISTICS1 

Collector-Emitter  Sustaining  Voltage 
lie  =  200  mA.  IB  =  0,  L  =  25  mHl 

vCEOIsus) 

125 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
(Vce  =160  V.  VfjE  —  —1-5  V) 
(VCE=160  V,  VgE  =  —1.5  V,  TC  =  125°C) 



!CEX 



1.0 
5.0 

,  

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE='00VI 

!CEO 

1.0 

mAdc 

Emitter-Base  Reverse  Voltage 
(lE=50mAI 

VEBO 

V 

Emitter-Cutoff  Current 
(VEB=5  V) 

'ebo 

1.0 

mAdc 

I  I 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  b 
IVCe  =  30  V,  t  =  1  s) 
<VCE  =  50  V,  t  =  1  s) 

forward  biased 

'S/b 

40 

Adc 

1.0 

ON  CHARACTERISTICS1 

DC  Current  Gain 

(IC  =  10A,VCE=4  VI 
(lc  =  15A.  VCE  =  4  V) 

"FE 

15 
8 

45 

Collector-Emitter  Saturation  Voltage 
(IC=10A.  IB=  1  A) 



VCE(sat) 

1.2 

Vdc 

HC  =  15  A.  IB  =  188  A) 

1.6 

Base-Emitter  Saturation  Voltage 
(IC  =  15A.IB  =  1.88  A) 

vBE(sat] 

Vdc 

2.0 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 
(VCE  =  15  V.IC  =  1  A,f=4MHzl 
I   ... 

fT 

MHz 

8.0 

SWITCHING  CHARACTERISTICS  (Re 

sistive  Loadl 

Turn  on  Time 

IC  =  15A,  lB1  =IB2  =  1.88  A, 
<VCC=  30  V,  RC  =  2  fl) 

*on 

1.2 

Storage  Time 

h 

1.0 

Fall  Time 

If 

0.25 

1  Pulse  Test:  Pulse  Width  <300(Is,  Duty  Cycle 

«°/o. 
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FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


FIGURE  3  -  "ON"  VOLTAGES 


71  1  1 

IC/IB 

8 

VBE 

/  VCE 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  IC'VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e..  the  transistor  must  not  be  subjected  to  greater  dissipa 
tion  than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  =  25°  C;  Tj(pkf  is 
variable  depending  on  power  level    Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


IC.  COLLECTOR  CURRENT  (A) 


0         3         6         9         12        15  18 
lC,  COLLECTOR  CURRENT  (A) 


FIGURE  4  -  DC  CURRENT  GAIN 


FIGURE  6  -  SWITCHING  TIMES  TEST  CIRCUIT 


RC  -  RB :        inductive  .MRUnoj 


lC.  COLLECTOR  CURRENT  (A) 
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SWITCHMODEA  SERIES 
NPN  SILICON  POWER  TRANSISTOR 


■ 


.  designed  for  high  speed,  high  current,  high  power  applications. 


Very  fast  switching  times: 
Tf  max.  =  0.4     at  Ic  =  8  A 




15  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

200  VOLTS 
120  WATTS 


■ 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

UnH 

Collector-Emitter  Voltage 

VCEOIsut) 

200 

Vdc 

Collector-Base  Voltage 

VCBO 

250 

Vdc 

Emitter-Bate  Voltage 

VEBO 

7 

Vdc 

Collector-Emitter  Voltage  ( VBg  -  -2.5  V) 

VCEX 

250 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  100  fi) 

VCER 

240 

Vdc 

Collactor-CurTant  —  continuous 

-  peak  (pw  <  10  mt) 

ic 

ICM 

15 
20 

Adc 
Apk 

Beae-Current  continuous 

IB 

3 

Adc 

Total  Power  Dissipation  @Tc  =2St 

PD 

120 

Watts 

Operating  and  Storage  Junction 
Tampereture  Range 

Tj.T.tg 

-66  to  200 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Men. 

Unit 

Thermel  Resistance,  Junction  to  Case 

*JC 

1.46 

°c/w 

FIGURE  1  -  POWER  DERATING 
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BUX41 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Charactarittlc 

Symbol 

Mln. 

Max. 

Unil 

OFF  CHARACTERISTICS1 


Collector-Emitter  Sustaining  Voltage 
IIC  =  200mA,  lB=  O.L  =  25mH) 


vCEO(sus> 


200 


Collector  Cutoff  Current  at  Reverse  Biais: 
(VCE  =  250  V.VBE  = -1.5  V) 
IVCE  =  250  V,  VBE  =  -1.5  V.  TC  =  1 25°C) 


ICEX 


1.0 
5.0 


Collector-Emitter  Cutoff  Currant 
IVCE  =  160V) 


'CEO 


1.0 


Emitter-Base  Reverse  Voltage 
|lE  =  50mA) 


VEBO 





Emitter-Cutoff  Currant 
(VEB=5VI 


'EBO 


SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  base  forward  biased 
(VCE=  30  V,  t  =  1  si 
(VCE  =  135V.  t  =  1  si 

's/b 

4  0 

0.15 

Adc 

ON  CHARACTERISTICS 


DC  Currant  Gain 

(lc=  5  A.  VCE=4  VI 
dc=  8  A,  VCE  =  4  V) 


nFE 


15 
8 


Collector-Emitter  Saturation  Voltage 
dC=  5  A,  lfj  =0.5  A) 
Uc=  8A,IB=1  A) 


VCEIsatl 


1.2 
1.6 


Base-Emitter  Saturation  Voltage 
llc=  8  A.  IB  =  1  Al 


VBElsatl 



2.0 



DYNAMIC  CHARACTERISTICS 


Current  Gain  —  Bandwidth  Product 
IVCE  =  15V,  lc  =  1  A,  f  =4  MHz) 

H 

8.0 

MHz 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 


Turn  on  Time 

lC=  8  A,  lB1  =IB2  =  1  A, 

(Vcc  =  150  V.  RC  =  18.75  fll 

ton 

0.6 

Jis 

Storage  Time 

t> 

1.5 

Fall  Time 

0.4 

'  Pulse  Test:  Pulse  Width  <300  Ms.  Duty  Cvcle  <2°/o. 
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'*xua 


FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


10  100 
VCE.  COLLECTOR  EMITTER  VOLTAGE  (V) 


FIGURE  3  -  "ON"  VOLTAGES 


There  ere  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  IC  VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa 
tion  than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  =  25"C;  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN415A) 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 
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FIGURE  4  -  DC  CURRENT  GAIN 


FIGURE  6  -  SWITCHING  TIMES  TEST  CIRCUIT 
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SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 


,  high  current,  high  power  applications. 


•  High  DC  current  gain : 

HFEmin.  =  15at  Ic  =  8  A 

•  Very  fast  switching  times : 

Tf  max.  =  0.25  Ms  at  Ic  =  12  A 


18  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

160  VOLTS 
1 20  WATTS 




MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEO(iui) 

160 

Vdc 

Collector  Base  Voltage 

VCBO 

220 

Vdc 

Emitter  8a»e  Voltage 

VEBO 

7 

Vdc 

Collector. Emitter  Voltage  (VBr£  =  -2.5  V) 

VCEX 

220 

Vdc 

Collector-Emitter  Voltage  (RBE  =  100  fil 

VCER 

200 

Vdc 

Collector-Current  —  continuous 

ic 

18 

Adc 

—  peak  (pw  <  10  msl 

ICM 

25 

Apk 

Baas-Current  continuous 

IB 

-3.6 

Adc 

Total  Power  Dissipation  @Tc  =25t 

PD 

120 

Watts 

Opereting  and  Storage  Junction 

TJ.Tstg 

°C 

Temperature  Range 

-65  to  200 




THERMAL  CHARACTERISTICS 


1.46 


°C/W 


STp,nYbase 


FIGURE  1  -  POWER  DERATING 


tC.  TEMPERATURE  (t) 


2  EMITTER 
CASE  COLLECTOR 
STYLE  2 
PIN  1  BASE 

2.  COLLECTOR 
CASE  EMITTER 


DIM 

MILLIMETERS 

INCHES 

Ml  ti 

MAX 

MIN 

MAX 

B 

22  23 

0  875 

C 

635 

11  43 

0.250 

0450 

D 

0-97 

l  09 

0038 

0  013 

E 

3.43 

0  135 

F 

28.90 

3040 

1  177 

1  197 

G 

10  6? 

11  18 

0420 

■j  Lin 

H 

521 

5  72 

0205 

0.225 

J 
K 

16.64 

17  lb 

h  1)  65S 

0675 

7.92 

0312 

Q 

3  84 

409 

0  151 

0  161 

S 

13  34 

0  525 

T 

-     |  4.78 

0  188 

All  JEDEC  dimension!  dint  wile-.  j| 
CASE  1  03 
IT03) 


41 N 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


OFF  CHARACTERISTICS' 


Symbol                Min.  Max. 



Collector-Emitter  Sustaining  Voltage 
(lc  =  200mA,  lB=  0,  L  =  25  mHI 

vCEO(sus) 

160 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
I VCE  =  220  V,  VBE  =  -1 .5  V) 
(VCE  =220  V,  VBE  =-1.5  V.  TC  =  125°C 

> 



ICEX 

1.0 
5.0 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  130  V) 

'CEO 

1.0 

mAdc 

Emitter-Base  Reverse  Voltage 
(lE=50mA) 

vEBO 

7 



V 

Emitter-Cutoff  Current 
(VEB  =  S  VI 

!EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  bas 
(VCE=  30  V,  t  =  1  si 
(VCE  =  100V,  t  =  1  s) 

e  forward  biased 

's/b 

4 

0.27 

Adc 

ON  CHARACTERISTICS' 


DC  Current  Gain 

(IC=  8  A,  VCE=4V) 
(lC  =  12A,VCE=4  V) 

hFE 

15 

45 

8'  '  - 

Collector-Emitter  Saturatio'n  Voltage 
dc=  8  A,  lB  =  0.8AI 

VCE(sat) 

1.2 

Vdc 

(lC=12  A,  lB  =  1.5  A) 

1.6 

Base-Emitter  Saturation  Voltage 
(lC  =12  A.  IB  =  1.5  A) 

vBE(satl 

Vdc 

20 

DYNAMIC  CHARACTERISTICS 


Current  Gain  —  Bandwidth  Product 
(VCE  =  15  V.  IC  =  1  A,  f  =4  MHz) 

8.0 

MHz 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 


Turn  on  Time 

IC=12A,IB1=IB2  =  1.5  A, 
(VCC=  30  V,  RC  =  2.5  H) 

ton 

1.2 

JUS 

Storage  Time 

ts 

1.2 

Fall  Time 

a 

0.25 

'  Pulse  Test:  Pulse  Width  <300/Js.  Duty  Cycle  <2°/o. 
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FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break 
down.  Safe  operating  area  curves  indicate  Ic-VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  =  255C;  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  ti 
At  high  case  temperatures,  t 
power  that  can  handled  to'values  less  than  the  limitations 
imposed  by  second  breakdown.  (See  AN415A) 


:e  the  same  as  thermal  limitations. 
;s,  thermal  limitations  will  reduce  the 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (V) 


FIGURE  3  -  "ON"  VOLTAGES 


n  1 

IC/IB  > 

I 

VIE 

n       u  20 


IC.  COLLECTOR  CURRENT  (Al 


FIGURE  4  -  DC  CURRENT  GAIN 


<C.  COLLECTOR  CURRENT  (A) 


FIGURE  6  —  SWITCHING  T 


Vcc=  10  V 
Rc  =  i.SSl 
R|   ■  1.1  Si 

'cm  -  • 
in  •  ii: 
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® 


SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 


.  designed  for  high  speed,  high  voltage,  high  power  applications. 
Low  VcE(sat).  VCE(sat)  max.  =  1.2  V  at  Ic  =  4  A 


•  Very  fast  switching  times: 

Tf  max.  =  0.4  ms  at  Ic  =  6  A 


MAXIMUM  RATINGS 


Rating 

Symbol 

Valua 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

250 

Vdc 

Collector-Base  Voltage 

VCBO 

300 

Vdc 

Emitter-Base  Voltage 

VEBO 

7 

Vdc 

Collector-Emitter  Voltage  (Vbe  —  —2.5  V) 

VCEX 

300 

Vdc 

Collector-Emitter  Voltage  (Rbe  -  100  ^' 

VCER 

290 

Vdc 

Collector-Current  —  continuous 

—  peak  (pwv  <  10  ms) 

ic 

ICM 

12 
15 

Adc 
Apk 

Base-Current  continuous 

'B 

2.4 

Adc 

Total  Power  Dissipation  @Tq=  2S°C 

PD 

120 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-Tsta 

-65  to  200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max. 

Unit 

Therm*  Resist,  Junction  to  Caae 

eJC 

1.46 

°C/W 



FIGURE  1  -  POWER  DERATING 

DERATING  FACTOR 

1                   40                   U  12 

TC.  TEMPERATURE 

D                     160  IM 

Itl 

12  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

250  VOLTS 
120  WATTS 


i  r 


STYLE  1 
PIN  1  BASE 

2  EMITTER 
CASE  COLLECTOR 


DIM 

MILL  IM 
MIN 

TERS 
MAX 

INC 

HES 

MAX 

— i  - 

0  875 

II  43 

0  250 

0450 

J" 

097 

1  09 

0  038 

0043 

=F 

10  67 

3 43 
^3040 
"ll  18 

JW'l 
0  4?0 

0  13!. 

1  197 

0  440 

H 

531 

5  12 

0  205 

0  225 

J 

16  64 

W  IB 

0  655 

0  675 

I 

J  9? 

0  31? 

a 

3  84 

4  09 

0  151 

D  161 

s 

13  34 

0  525 

T 

4  78 

0  188 

CASE  1  03 
IT03) 
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ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS' 

Collector-Emitter  Sustaining  Voltage 
(lc=  200  mA,  lB=  0,  L  -  25  mHI 

vCEO(susl 

250 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais; 
IVCE  =  300  V.  VBE  =  -1.5  V) 
(VCE  =  300  V.  VBE  =  -15  V.  TC  =  125°CI 

ICEX 

1.0 
5.0 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  200VI 

'CEO 

1.0 

mAdc 

Emitter-Base  Reverse  Voltage 

VEBO 

7 

V 

Emitter-Cutoff  Current 
IVEB  =  5  V) 

'EBO 

10 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
IVCE  =  30  V.  t  =  1  si 
(VCE  =  135  V.  t  =  1  s) 

IS/b 

4.0 
0  15 

Adc 

ON  CHARACTERISTICS1 

DC  Current  Gain 

(IC=  4  A.  VCE  =  4  V) 
IIC  =  6  A.  VCE  -4  VI 

"FE 

15 
8 

45 

Collector-Emitter  Saturation  Voltage 
<lc  ==  4  A.  IB  =  0.4  A) 
llc  a  6  A,  1 B  =  0.75  A) 

VCEIsatl 

1.2 
1.6 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  =  6  A,  lB  =0.75  A) 

vBEIsatl 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 
(VCE  =  15V.IC  =  1  A.  f  =4MHzl 

'T 

8.0 

MHz 

SWITCHING  CHARACTERISTICS  (Resistive  Load) 


Turn  on  Time 

IC  =  6  A,  lB1  =IB2  =  0.75  A. 
|VCC  =  150  V.  RC  =  25  Hi 

ton 

0.6 

Ms 

Storage  Time 

's 

2.0 

Fall  Time 

'f 

0.4 

Pulse  Test:  Pulse  Width  <300(Js.  Duty  Cycle  <2°/o. 


BUX42 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  lc  VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e..  the  transistor  must  not  be  subjected  to  greater  dissipa- 
tion than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  -  25  C;  Tj(p|<)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown  (See  AN41 5A) 


FIGURE  5  -  RESISTIVE  I 


WITCHING  PERFORMANCE 


VCE.  COLLECTOR  EMITTER  VOLTAGE  IV) 


FIGURE  3  -  "ON"  VOLTAGES 


IC/IB  ■ 

8 

VBEIu 
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— 

VCEISI 
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=  150  V  — 
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>C,  COLLECTOR  CURRENT  (A) 


lc.  COLLECTOR  CURRENT  (A) 
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SWITCHMODE*  SERIES 
NPN  SILICON  POWER  TRANSISTOR 


.  designed  for  high  speed,  high  voltage,  high  power  applications. 


•  vCE(sat)  max  =  16  V  at  Ic  =  6  A 

•  Very  fast  switching  times: 

Tp  max.  =  0.90  ^s  at  Ic  =  5  A 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

325 

Vdc 

Collector-Base  Voltage 

vCBO 

400 

Vdc 

Emitter-Base  Voltage 

VEBO 

7 

Vdc 

Collector-Emitter  Voltage  (VgE  =-2.5  VJ 

VCEX 

400 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  100  Q) 

VCER 

360 

Vdc 

Collector-Current  -  continuous 

—  peak  (pw  <  10  ms) 

ic 
'cm 

10 
12 

Adc 
Apk 

Base-Current  continuous 

la 

2 

Adc 

Total  Power  Dissipation  @Tc=  25 °C 

120 

Watts 

Operating  and  Storage  Junction 

°C 

Temperature  Range 

TJ-Tstg 

-65  to  200 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max. 

Unit 

Thermal  Resistance,  Junction  to  Case 

0JC 

1.46 

°C/W 

FIGURE  1  -  POWER  DERATING 

1 

DERATING  FACTOR 

1                   40                   SO                 120                  ISO  100 
TC.  TEMPERATURE  (t) 



10  AMPERES 

NPN  SILICON 
POWER 
METAL  TRANSISTOR 

325  VOLTS 
120  WATTS 


NOTES 

1  DIMENSIONS  □  AND  V  ARE  DATUMS 

2  FT]  IS  SEATING  PLANE  AND  DATUM 

3  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q 

|  ♦  |H3100C6i©  |  1  |v©l 
FOR  LEADS  

[  ♦  |  »n whom®?  ]  v0|  o©| 

4  DIMENSIONS  AN0  TOLERANCES  PER 


ami 

VH  S. 

913 

MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

ft 

39  37 

'  660 

B 

t 

6  36 

m 

0  763 

g  :r 

D 

097 

■  Gm 

0G123 

o  w: 

£ 

3  -  ■ 

u  ■  :6 

F 

n  i 

BiG 

1  187  BSC 

G 

10  3 

BSC 

Oil 

BSC 

BSC 

071 

BSC 

J 

ItiB 

BSC 

0.665  BSC 

K 

11  IB 

12  IS 

U  AID 

0480 

A 

3.11 

»  is 

0  1  60 

I:  if,  6 

ft 

76  6  7 

1.050 

u 

4  B3 

5  33 

0  130 

D.2I0 

V 

3  Bl 

4  19 

0  160 

[i  16' 

CASE  105  TO  3 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF  CHARACTERISTICS1 

Collector-Emitter  Sustaining  Voltage 
llc  =  200  mA,  lB  =  0,  L  -  25  mHI 

vCEO(sus) 

325 

Vdc 

Collector  Cutoff  Current  at  Reverse  Biais: 
IVCE=400V,  VBE  =  -1  5  VI 
IVCE  =400  V,  VBE  =  -1.5  V,  TC  =  125°C) 

-  . 

'CEX 



10 
5.0 

mAdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  260VI 

'CEO 

1.0 

mAdc 

Emitter-Base  Reverse  Voltage 
llE  =50mAI 

VEBO 

7 

V 

Emitter-Cutoff  Current 
(VEB=5VI 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
(VrE  =  30  V,  t  =  1  s) 

■s/b 

4  0 

Adc 

(VCE  =  135  V,  t  =  1  s) 

0.15 

ON  CHARACTERISTICS' 

DC  Current  Gain 

(IC=  3  A.  VCE  =4  VI 

nFE 

15 

60 

lie  =  5  A.  VcE  =4  VI 

8 

Collector-Emitter  Saturation  Voltage 
(lc=  3A.IB=0.375AI 
llc  =  5  A.  IB  =1  Al 

VCEIsatl 

1.0 

Vdc 

1.6 

Base-Emitter  Saturation  Voltage 
H:C=   5  A.  IB  =  1  Al 

vBE(satl 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 
(VCE  =  15V.IC  =  1  A,f=4MHzl 

H 

80 

MHz 

1  

SWITCHING  CHARACTERISTICS  (Resistive  Load) 


Turn  on  Time 

,  , 

IC=  5  A.  IB1  =IB2=  1  A, 
(Vcc  =  150V.RC  =  30  fil 

ton 

1.0 

Ms 

Storage  Time 

ts 

2.2 

Fall  Time 

'f 

0.9 

Pulse  Test:  Pulse  Width  <300/Js,  Duty  Cvcle<2°/o. 
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L  HE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


325 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VI 


FIGURE  3  -  "ON"  VOLTAGES 


s  » 


There  are  two  (imitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break 
down.  Safe  operating  area  curves  indicate  lc  VCE  limits  of 
the  transistor  that  must  be  observed  for  reliable  operation 
i.e.,  the  transistor  must  not  be  subjected  to  greater  dissipa 
tion  than  the  curves  indicate. 

The  data  of  figure  2  is  based  on  Tc  =  25:C,  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  handled  to  values  less  than  the 
imposed  by  second  breakdown.  (See  AN415A) 


FIGURE  5  -  RESISTIVE  SWITCHING  PERFORMANCE 


lC.  COLLECTOR  CURRENT  (At 


FIGURE  4  -  DC  CURRENT  GAIN 


FIGURE 


6  -  SWITCHING  TIMES  TEST  CIRCUIT 


A 

\ 

s 

N 

a, 

0.1                               1  1 
lC.  COLLECTOR  CURRENT  (Al 

VCC  IMV 

rc     30  a 

RB  MS 


RC  -  Ha  Kan  induclirt  iniHincat 


J-DMS 


BUX84 
BUX85 


® 


SWITCHMODE 
NPN  SILICON  POWER  TRANSISTORS 


The  BUX  84/85  are  designed  for  high  voltage,  high  speed 
power  switching  applications  like  converters,  inverters,  switching 
regulators,  motor  control  systems. 


SPECIFICATIONS  FEATURES: 


400  V 
450  V 


•  VcEO(sus)  | 

•  VcESIsusI    f      800  V 

I     1 000  V 


BUX  84 
BUX  85 

BUX  84 
BUX  85 


Fall  time  =  0.3  us  Ityp)  at  lc  =  1  A 

VCEIsat)  =  1  V  (max)  at  lc  =  1  A,  lB  »  0.2  A 


MAXIMUM  RATINGS 


Rating 

Symbol 

BUX  84 

BUX  85 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCES 

800 

1000 

Vdc 

Emitter  Base  Voltage 

vEBO 

5 

Vdc 

Collector  Current 

Adc 

-  Continuous 

-  Peak (1 J 

ic 

'CM 

2 
3.0 

Base  Current 

-  Continuous 

-  Peak(l) 

'bm 

0.75 
1.0 

Adc 

Reverse  Base  Current: 

-  Peak 

'bm 

1 

Adc 

Total  Power  Dissipation @Tq  =  25°C 
Derate  above  25°C 

pd 

50 

Watts 

mW/°C 

Operating  and  Storage  Junction                   Tj,  Tstg 
Temperature  Range 

-  65  to  +1  50 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Mai 

Unit 

Thermal  Resistance, 
Junction  to  Case 

2.5 

°C/W 

Thermal  Resistance. 
Junction  to  Ambien: 

R9ja 

62.5 

°c/w 

Maximum  Lead  Temperature 
for  Soldering  Purpose: 

1/8"  from  Case  for  5  Seconds 

\ 

275 

°c 

111  Pulse  Test,  Pulse  Width  =  5  ms,  Duty  Cycle  £10%. 


2  AMPERES 
TRIPLE  DIFFUSED 
POWER  TRANSISTORS 
NPN  SILICON 

400    450  VOLTS 
50  WATTS 


STYLE  1 : 
PIN  1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN  1  MAX 

A 

15.11 

15.75  1  0.595  !  0.620 

B 

9.65 

10.29  0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

D 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

1 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.1 30 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0  050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0  110 

S 

1.14 

1.39 

J.  045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

0 

0.76 

1.27 

0.030 

0.050 

CASE  221A-02 
TO  220AB 


1  RQfi 


BUX84  BUX85 


ELECTRICAL  CHARACTERISTICS    (TC  =  25°C  unless  otherwise  noted) 

Characteristic                                           |    Symbol    |      Min      |      Typ      |      Max      |  Unit 

OFF  CHARACTERISTICS  111 

Collector-Emitter  Sustaining  Voltage 

(IC  -  1 00  mAdc.  IL  =  25  mHI  See  fig.  1                              BUX  84 

BUX  85 

VCEO(sus) 

400 
450 

Vdc 

Collector  Cutoff  Current 
IVCES  =  Rated  Valuel 
(VCES  =  Rated  Value.  TC  =  1  25  °  CI 

ICES 

0.2 
1.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  5  Vdc,  IC  =  01 

IEBO 

1 

mAdc 

ON  CHARACTERISTICS  111 

DC  Current  Gain 

UC  =  0.1  Adc,  VCE  =  5  VI 

hFE 

30 

50 

■  ■ 

Collector-Emitter  Saturation  Voltage 
(IC  =  0.3  Adc.  IB  =  30  mAdc] 
HC  =  1  Adc.  IB  =  200  mAdcl 

VCEIsatl 

0.8 
1 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  1  Adc,  IB  =  0.2  Add 

VBE(sat) 

1.1 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

HC  =  500  mAdc,  VCE  =  10  Vdc,  f  =  1  MHz) 

.  fT 

4 

MHz 

SWITCHING  CHARACTERISTICS 

Turn-on  Time 

VCC  =  250  Vdc,  IC  =  1  A 
IB1  =  0.2  A,  IB2  =  0.4  A 
See  fig.  2 

ton 

0.3 

0.5 

US 

Storage  Time 

ts 

2 

3.5 

/is 

Fall  Time 

tf 

0.3 

US 

Fall  Time 

Same  above  cond.  at  TC  =  95°C 

tf 

1.4 

«s 

111  Pulse  Test:  PW  =  300  us,  Duty  Cycle  £  2%. 
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BUX84  BUX85 


® 


D40C1 

D40C2 
D40C4 

D40C5 


NPN  SILICON  DARLINGTON 
AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  amplifier  and  driver  applications  where  high  gain  is 
an  essential  requirement,  low  power  lamp  and  relay  drivers  and  power 
drivers  for  high-current  applications  such  as  voltage  regulators. 

•  High  DC  Current  Gain  - 

hFE  =  40,000  (Min)  @>  lc  =  200  mAdc  -  D40C2,  5 

•  Collector-Emitter  Breakdown  Voltage  - 

BVCEO  "  4°  vdc  (Min)  @  lc  =  10  mAdc  -  D40C4, 5 

•  Low  Collector-Emitter  Saturation  Voltage  - 

vCE(sat)  =  1  5  vdc  <Max)  ®  'C  =  500  mAdc 

•  Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  @  TA  =  25°C 


DUOWATT 


NPN  SILICON 
DARLINGTON  AMPLIFIER 
TORS 


Tab  forming  and  TO-5  lead  formln«  avallabla  I 
special  request. 




MAXIMUM  RATINGS 

Rating 

Symbol 

D40C1.2 

D40C4.5 

Unit 

Collector-Emitter  Voltage 

VCEO 

30 

40 

Vdc 

Collector-Emitter  Voltage 

VCES 

30 

40 

Vdc 

Emitter-Base  Voltage 

Vebo 

13 

Vdc 

Collector  Current  —  Continuous 
Peak  (11 

ic 

0.5 
1.0 

Adc 

Base  Current  -  Continuous 

ia 

100 

mAdc 

Total  Power  Dissipation  @  TA  =  25°C 
Derate  above  25°C  (21 

PD 

1.67 
13.3 

Watts 
mW7°C 

Total  Power  Dissipation  @  Tq  -  25°C 
Derate  above  25°C 

pd 

6.25 
50 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-55  to +150 

°C 

Solder  Temperature,  1/16"  from  Case 
for  1 0  Seconds 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Ambient 

RflJA 

75 

°c'/W 

Thermal  Resistance,  Junction  to  Case 

ReJC 

20 

°C/W 

11 )  Pulse  Width  <  25  ms.  Duty  Cycle  <  50%. 

(2)  The  actual  power  dissipation  capability  of  Duowatt  t 

ransistors  ar 

S2Wt>TA- 

-25°C. 

STYLE  1:  K 
PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 

4.  COLLECTOR 

D 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0  860 

0  880 

8 

9.91 

10.41 

0.390 

0.410 

C 

4.39 

4.65 

0.173 

0  183 

D 

0.58 

0.74 

0  023 

0  029 

F 

3.56 

4.06 

0  140 

0  160 

G 

2.41 

2.67 

0095 

0.105 

>l 

1.70 

1.96 

0.067 

0.077 

j 

0.48 

0.66 

0.019 

0.026 

K 

12.19 

12.95 

0.480 

0.510 

L 

1.65 

2.03 

QQ65 

0.080 

■^Sl- "fc'lIfTTJTIil  »i-  1 

gmiMtHmnc;-! 
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D40C1.  D40C2,  D40C4,  D40C5 


ELECTRICAL  CHARACTERISTICS  (TA  -  25°C  unlets  otherwise  noted  I 


-  25°C 


Characteristic 

Symbol 

Mn 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage  (11 

<IC=  10  mAdc.  VBE -0)  D40C1.2 

D40C4.  5 

BVcEO 

30 
40 

- 

Vdc 

Collector  Cutoff  Current 

(VCB  "  Rated  VCES.  IE  -  0.  Tj  -  150°CI 

'CBO 

20 

uAdc 

Collector  Cutoff  Current 

[VCE«  Rated  VCES.VBE-0) 

'CES 

0.5 

MAdc 

Emitter  Cutoff  Current 
IVEB«13Vdc.  Ic»0) 

'EBO 

100 

nAdc 

ON  CHARACTERISTICS  (1) 

Current  Gain 

(lc  =  200  mAdc,  VCE- 5.0  Vdcl  D40C1.4 

D40C2,  5 

"FE 

10,000 
40,000 

60,000 

 ' 

Collector-Emitter  Saturation  Voltage 

(lC  =  500  mAdc.  IB  -  0.5  mAdcl 

vCE(satl 

— 

1.5 

Vdc 

Base-Emitter  Saturation  Voltage 
llc  -  500  mAdc,  lB  -  0.5  mAdcl 

vBEIsat) 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 


Collector  Capacitance 

(VCB  =  10  Vdc,  lE  «  0,  f  «  1  0MHz) 

ccb 

10 

pF 

High  Frequency  Current  Gain 

hfe 

1.0 

llC  -  20  mA.  VCE  -  5  Vdc,  f  -  100  MHzl 

Input  Impedance 

(lc  «  20  mA,  VCE  -  5  Vdc,  f  =  1  kHz) 

hie 

50 

Ohms 

11 )  Pulse  Test:  Pulse  Width  t  300  us.  Duty  Cycle  >s  2.0% 

TYPICAL  CHARACTERISTICS 

FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  vCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(pk)  =  150°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjpk)  <  150°C  TJ(pk)  maV  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperafures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
value;  less  than  the  limitations  imposed  by  second  breakdown. 


1  2  5      7      10  20 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


D40C1,  D40C2,  D40C4,  D40C5 


■ 


TYPICAL  CHARACTERISTICS  (continued) 


FIGURE  2  -  DC  CURRENT  GAIN 


FIGURE  3  -  "ON"  VOLTAGES 


30        50     70    100         200    300      500  700  1.0  k        2.0  k 
IC,  COLLECTOR  CURRENT  (mA) 
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FIGURE  4  -  COLLECTOR  SATURATION  REGION 


FIGURE  5  -  TEMPERATURE  COEFFICIENT 


0.5    1.0    2.0      5.0    10    20      50    100  200     500  1.0  k  2.0  k   5.0  k 
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D40D  _ 

pnp  (yMg  MOTOROLA 

D41D  ^ 


COMPLEMENTARY  SILICON  ANNULAR 
AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  general-purpose,  medium-voltage,  medium  power 
amplifier  and  driver  applications;  series,  shunt  and  switching  regu- 
lators, and  low  and  high  frequency  inverters  and  converters. 


Duowatt  Package  -  2  Watts  Free  Air  Dissipation  @  Ta  =  25°C 


DUOWATT 

COMPLEMENTARY  SILICON 
AMPLIFIER  TRANSISTORS 


Tab  forming  and  TO-5  le 

ad  forming  available  on 

special  request. 

MAXIMUM  RATINGS 


1  

Rating 

Symbol 

D40/41D 

1,2 

D40/41D 
4,5 

D40/41D 
7,8 

D40/41D 
10,11,13,14 

Unit 

Collector-Emitter  Voltage 

vCEO 

30 

45 

60 

75 

Vdc 

Collector-Emitter  Voltage 

VCES 

45 

60 

75 

90 

Vdc 

Emitter-Base  Voltage 

vEBO 

—  5.0  »- 

Vdc 

Collector  Current  -  Continuous 
Peak  (11 

ic 

>■                1.0  m~ 

Adc 

-   -2.0  »- 

Base  Current 

'B 

—  100  

mAdc 

Total  Power  Dissipation  @  TA  •  25°C 
Derate  above  25°C  (2) 

PD 

-.  1.67  »- 

Watts 
mW/°C 

—  13.3   »■ 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

Pd 

-*  —  6.25  » 

Watts 

—               50   •- 

mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-«  55  to  +150  

°C 

Solder  Temperature,  1/16"  from  Case 

-«  260   — 

°c 

for  10  Seconds 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

R«JA 

75 

°c/w 

Thermal  Resistance,  Junction  to  Case 

f«JC 

20 

°C/W 

( 1 1  Pulse  Test :  Pulse  Width  «  300  ps. 

12)  The  actual  power  dissipation  capability  of  Duowatt  transistors  are  2  W  @  Ta  =  25°C. 

STYLE  1: 

PIN  1  EMITTER 
2  BASE 

3.  COLLECTOR 

4.  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22  35 

0.860 

0.880 

9 

9.91 

10  41 

0  390 

0.410 

C 

439 

4.65 

0  173 

0  183 

D 

099 

0  74 

0  023 

0  029 

F 

3  56 

4.06 

0  140 

0  160 

G 

241 

267 

0  095 

0  105 

H 

1.70 

1  96 

0  067 

0.077 

J 

0.48 

066 

0  019 

0  026 

K 

12.19 

12.95 

0  480 

0610 

f  L 

1.65 

203 

0065 

0.080 

N 

9.91 

10.16 

0.390 

0  400 

0 

3.56 

3.81 

0  140 

0.150 

a 

1.67 

9.14 

0.310 

0.346 

TO-202AC 
CASE  306-04 


D40D,NPN,D41D,PNP 


- 


ELECTRICAL  CHARACTERISTICS  (TA  -  25°C  unless  otherwise  noted.) 

Characteristic 

Symbol 

Min 

Mas 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 

llc  >  10  mAdc.  IB  "  01  D40D1.2/D41D1.2 
D40O/D41D-4.5 
D40D/O41D-7.8 
D40D/D41D-10.11,13,14 

BVCEO 

30 
45 
60 
75 

Vdc 

Collector  Cutoff  Current 
(VCE  -  Rated  VCEs> 

'CES 

100 

nAdc 

Emitter  Cutoff  Current 
(VEB  =  5.0Vdc) 

lEBO 

100 

nAdc 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 

(lC  •  100  mAdc,  VCE  "  2.0  Vdcl      D40D/D41  D-1 .4,7,10.13 
D40D/D41D-2.5 ,8.11,14 

nFE 

50 
120 

150 
360 

(lC  -1.0  Adc,  VCE  =  2.0  Vdcl          D40D1 ,4,5,7,8,10,1 1 

10 

D41  D1, 4,5,7,8,10,11 
D40D/D41D-2 

10 
20 

Collector-Emitter  Saturation  Voltage 

(lC  "  500  mAdc.  IB  =  50  mAdc]         D40D/D41  D-1 ,2,4.5 
D40D. 7, 8.10,11. 13. 14 
D41D7, 8.10, 11, 13.14 

vCE(sat) 

0.5 
1.0 
1.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  500  mAdc,  lB  -  50  mAdc) 

vBE(sat) 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  —  Bandwidth  Product 

(lC  -  20  mA.  VCE=  10  Vdc,  f  =  20  MHz) 

'T 

75 

375 

MHz 

Collector-Base  Capacitance 

IVCB  -  20  Vdc,  l£  -0,  f  -  1  MHz]    D40D  series 
D41D  series 

ccb 

12 
18 

pF 

1 1 1  Pulse  Test :  Pulse  Width  <  300  us.  Duty  Cycle  c  2.0%. 


TYPICAL  CHARACTERISTICS 


FIGURE  1  -  CURRENT-GAIN  — BANDWIDTH  PRODUCT  FIGURE  2  -  CAPACITANCES 


D40D,  NPN,  D41D,  PNP 


TYPICAL  CHARACTERISTICS  (continued) 


FIGURE  3  -  DC  CURRENT  GAIN 


1.0      2.0        5.0      10       20         50      100     200        500    1.0  k 
IC.  COLLECTOR  CURRENT  (mAI 


1.0      2.0        5.0      10       20         50      100  200 
IC,  COLLECTOR  CURRENT  (mAI 


500    1.0  t 


FIGURE  5  -  COLLECTOR  SATURATION  REGION 


IB.  BASE  CURRENT  ImA)  IB.  BASE  CURRENT  ImA) 
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D40D,  NPN,  D41D,  PIMP 


TYPICAL  CHARACTERISTICS  (continued) 


Y3r 


FIGURE  6  -  THERMAL  RESPONSE 


 ZwJAlt)  z  'CI  RflJA 

RfljA=75°C/W  Max 

D  CURVES  APPLY  FOR  POWER 
PULSE  TRAIN  SHOWN 
READ  TIME  AT  |j 

=  i]/\2  TJlpM  Tc  «  P|pk|R(JJC(i) 


10       20  50      100      ZOO        500     10k     2  0  k         SO  k  10  k     20  k       50  k   100  k 

I.  TIME  <ms) 


FIGURE  7  -  ACTIVE-REGION  SAFE-OPERATING  AREA 


D40D  series 


1.0  2.0     3.0       5.0   7.0     10  20      30        50  70 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


2.0     3.0       5.0    7.0     10  20     30        50    70  100 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Ic-VCE  limits_of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 


The  data  of  Figure  7  is  based  on  Tj(pk)  =  150°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Jj{pU.)  ^=  150°C.  Tj(pL.)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  8  -  POWER  DERATING 
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NPN 


PNP 


D40E1  D41E1 
D40E5  D41E5 
D40E7  D41E7 


® 


COMPLEMENTARY  SILICON  ANNULAR 
AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  general-purpose,  medium-voltage,  medium  power 
amplifier  and  driver  applications;  series,  shunt  and  switching  regu- 
lators, and  low  and  high  frequency  inverters  and  converters. 


•  Duowatt  Package  -  2  Watts  Free  Air  Dissipation  @  TA  =  25°C 


DUOWATT 

COMPLEMENTARY  SILICON 
AMPLIFIER  TRANSISTORS 


Tab  forming  and  TO-5  1 
special  request. 

Bad  forming  available  on 

MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


Emitter-Base  Voltage 


Collector  Current  - 


Continuous 
Peak  (1) 


Total  Power  Dissipation  @  TA  =  25°C 
Derate  above  25°C  12) 


Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range   


Solder  Temperature,  1/16"  from  Case 
for  10  Seconds 


Symbol  D40/41E1  D40/41E5  D40/41E7 


vCEO 


VCES 


vEBO 


PD 


Pd 


Tj.Ts, 


30 


60 


80 


-5.0- 


-1.67- 
-13.3- 


-  8  - 
-64- 


•  55  to  +150- 


Watts 
nW/°C 


Watts 
mW/°C 


°C 


°C 


THERMAL  CHARACTERISTICS 


Thermal  Resistance,  Junction  to  Ambient 


Thermal  Resistance,  Junction  to  Case 


Symbol 


RflJA 


R0JC 


°C/W 


NOTES    I.  Pulse  Test:  Pulse  Width*  300  us. 

2.  The  actual  power  dissipation  capability  of  Duowatt 


■  25°C. 


transistors  are  2  W  19 


STYLE  1: 

PIN  I.  EMITTER 

2.  BASE 

3.  COLLECTOR 

4.  COLLECTOR 


■G 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0880 

9.91 

10.41 

0.390 

0410 

C 

4.39 

4.65 

0.173 

0.183 

D 

058 

0.74 

0.023 

0029 

F 

356 

4.06 

0.140 

0.160 

G 

2.41 

2.67 

0095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12.19 

12.95 

0480 

0.510 

L 

1.65 

2.03 

0  065 

0.080 

N 

9  9; 

10.16 

0  390 

0400 

Q 

3.56 

3.81 

0  140 

0.150 

n 

1.07 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 

TO-202AC 
CASE  306-04 


3-706 


NPN  D40E1,  D40E5,  D40E7 
PNP  D41E1,  D41E5,  D41E7 


ELECTRICAL  CHARACTERISTICS  (T^  =  25°C  unless  otherwise  noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 

BVCEO 

Vdc 

(lc»  lOmAdc,  lB-0)  D40E1/D41E1 

30 

D40E5/D41E5 

60 

D40E7/D41E7 

80 

Emitter  Cutoff  Current 

Iebo 

100 

nAdc 

(VEB  =  5.0  Vdc,  lc  ¥  0) 

Collector  Cutoff  Current 

'CES 

100 

nAdc 

IVCE  =  Ra'ad  VCEsl 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 

nFE 

(lc  =  100  mAdc,  Vce  ■  2.0  Vdcl 

50 

(lc  =  1.0  Adc.  VCE  »  2.0  Vdcl 

10 

Collector-Emitter  Saturation  Voltage 

vCE(satl 

1.0 

Vdc 

(lc  -  1.0  Adc,  l8  =  100  mAdc) 

Base-Emitter  Saturation  Voltage 

vBE(satl 

1.3 

Vdc 

(IC  -  1.0  Adc.  IB  =  100  mAdc) 

DYNAMIC  CHARACTERISTICS 

Current  Gain  —Bandwidth  Product 

'T 

75 

375 

MHz 

llc  -  20  mA.  VCE  -  10  Vdc.  f  =  20  MHzl 

Collector-Base  Capacitance 

(VCB  -  20  Vdc,  I E  =  0,  f  =  1  MHzl             D40E  series 

Ccb 

12 

pF 

041  E  series 

18 

( 1 )  Pulse  Test:  Pulse  Width  «  300  (is.  Duty  Cycle  <  2.0%. 
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NPN  D40E1,  D40E5,  D40E7 
PNP  D41E1.D41E5,  D41E7 


TYPICAL  CHARACTERISTICS  (continued) 


D40E  series  D41E  series 

FIGURE  3  —  DC  CURRENT  GAIN 


IC.  COLLECTOR  CURRENT  ImAI  IC.  COLLECTOR  CURRENT  ImA) 


FIGURE  4  -  "ON"  VOLTAGE 


lC.  COLLECTOR  CU  RRENT  ImAI  &  COLLECTOR  CURRENT  ImAI 


FIGURE  5  -  COLLECTOR  SATURATION  REGION 


IR.  BASE  CURRENT  ImAI  IB.  BASE  CURRENT  ImAI 
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NPN  D40E1,  D40E5,  D40E7 
PNPD41E1,D41E5,  D41E7 


TYPICAL  CHARACTERISTICS  (continued) 

FIGURE  6  -  THERMAL  RESPONSE 


2  5      7      10  20  50  70 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Ic-VCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 


2  5      7      10  20  50  70 

VCE,  COLLECTOR-EMITTER  VOLTAGE  {VOLTS 

The  data  of  Figure  7  is  based  on  Tj(p|<)  =  150°C;  Jq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjp^j  ^  150°C,  Tj(p|<)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


£  0.8 


i 

£  0.2 


s  S 

econd  Bre 

akdown  C 

erating 

Therm 

al  Deratin 

FIGURE  S  -  POWER  DERATING 
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NPN 

D40K 

PNP 

D41K 


COMPLEMENTARY  SILICON  DARLINGTON 
AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  amplifier  and  driver  applications  where  high  gain  is 
an  essential  requirement,  low  power  lamp  and  relay  drivers  and 
power  drivers  for  high-current  applications  such  as  voltage  regulators. 


•  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  "  1-5  Vdc  (Max)  @  lC  =  15  Adc  for  D40.41K1.2 


Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  @  TA  ■ 


25°C 


DUOWATT 

COMPLEMENTARY  SILICON 
DARLINGTON  AMPLIFIER 
TRANSISTORS 


Tab    forming   and   TO-S  l« 

ad   forming  available 

on  special  raquast. 

MAXIMUM  RATINGS 

Rating 

Symbol 

D40/41K 
1.3 

D40/41K 

2,4 

Unit 

Collector-Emitter  Voltage 

vCEO 

30 

so 

Vdc 

Collector-Emitter  Voltage 

VCES 

30 

50 

Vdc 

Emitter-Base  Voltage 

vEBO 

13 

Vdc 

Collector  Current  -  Continuous 
Peak  (1) 

ic 

2.0 
3.0 

Adc 

Base  Current  -  Continuous 

IB 

100 

mAdc 

Total  Power  Dissipation  @  T^  -  25°C 
Derate  above  25°C  (2) 

PD 

1.67 
13.3 

Watts 
mW/°C 

Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

Pd 

10 
80 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj,  Ts,9 

-55  to  +150 

*C 

Solder  Temperature,  1/16"  from  Case 
for  10  Seconds 

260 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

"ejA 

75 

°C/W 

Thermal  Resistance.  Junction  to  Case 

"9JC 

12.5 

°c/w 

1 .  Pulse  Width  <  25  ms,  Duty  Cycle  <  50%. 

2.  The  actual  power  dissipation  capability  of  Duowatt  transistors  are  2  W  9  TA  -  25°C. 


STYLE  1: 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9  91 

10.41 

0390 

0.410 

C 

4.39 

485 

0.173 

0.183 

0 

0.58 

0.74 

0.023 

0.029 

F 

3  56 

4.06 

0.140 

0.160 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0  026 

I 

12.19 

12.95 

0.480 

0.510 

L 

1  65 

2.03 

0.085 

0.080 

N 

9.91 

10.16 

0.390 

0400 

Q 

3.5B 

3.81 

0.140 

0.150 

R 

1.07 

175 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 

TO-202AC 
CASE  306-04 
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NPN  D40K,  PNP  D41K 


ELECTRICAL  CHARACTERISTICS  (TA  -  25°C  unlet,  otherwise  noted.) 


I 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage  (11  D40.41K1.3 
|IC  -  10  mAdc)  D40.41K2.4 

8vCEO 

30 
50 

Vdc 

Collector  Cutoff  Current 

(VCB  -  Rated  VCES,  lE  =  0,  Tj  ■=  150°C) 

ICBO 

20 

pAdc 

Collector  Cutoff  Current 

(VCE  -  Rated  VCES,  VBE  =  0) 

ices 

0.5 

MAdc 

Emitter  Cutoff  Current 
(VEB  -  13  Vdc,  lc  -  0) 

Iebo 

100 

nAdc 

ON  CHARACTERISTICS  (1) 


DC  Current  Gain 

He  "  200  mAdc,  VCE  •  5.0  Vdcl             All  Devices 
llc  =  15  Adc,  VCE  -  5.0  Vdcl  D40.41K1.2 
IIC'10  Adc.  VCE  -  S  O  Vdc)  D40.41K3.4 


nFE 


10,000 
1,000 
1,000 


Collector-Emitter  Saturation  Voltage 

llc  =  15  Adc,  lB  •  3.0  mAdc)  D40.41K1.2 
dc  -  1.0  Adc,  lB  -  2.0mA)  D40.41K3.4 


VcElsatl 


1.5 
1.5 


Base-Emitter  Saturation  Voltage 

<IC  =  1 .5  Adc,  lB  -  3.0  mAdc)  D40.41  K1 ,2 

(lc  -  1  0  Adc,  lB  -  2.0  mAdc)  D40.41K3.4 


vBEIsat) 


2.5 
2.5 


DYNAMIC  CHARACTERISTICS 


Collector  Capacitance                                 D40K  series 
(VCB  -  10  Vdc,  lE  -  0.  f  -  1 .0  MHz)         D41 K  series 

Ccb 

10 

25 

pF 

High  Frequency  Current  Gain 

(lC  =  20  mA,  VCE  =  5Vdc,  f-  100  MHz) 

Ihfel 

1.0 

1.  Pulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  <  2.0%. 

TYPICAL  CHARACTERISTICS 


FIGURE  1  -  DC  SAFE  OPERATING  AREA 
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FIGURE  2  -  POWER  DERATING 
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NPIM  D40K,  PNP  D41K 


TYPICAL  CHARACTERISTICS  (continued) 


DC  CURRENT  GAIN 


FIGURE  3  -  (D40K  seriesl 


lau 

< 

n  it 

o 

501 

CL 

30  k 

U 

20  k 

o 

10k 

70k 

b  01 

1  0  1 

v 

- 

-  5.0  V 

135 

c 

-v 

S 

■< 

r 25 

C — 1 

C 

20      30        50     70     100  200    300       500   700   1.0  k 

IC.  COLLECTOR  CURRENT  ImA) 


300  k 
200  k 

100  k 

<  70  k 
a 

J  50  k 

£  30  k 

1  20k 
3 

£  10  k 

7.0  k 
5.0  k 
3.0  k 


1  1 

■5V 

125°C 

■25" 

C 

b. 

> 

-55[ 

n 

20      30        50    70    100  200    300      500   700    1.0  k 

lc.  COLLECTOR  CURRENT  (mA) 


"ON"  VOLTAGES 


FIGURE  5  -  ID40K  series) 


FIGURE  6  -  ID41K  series) 
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NPN  D40K,  PNP  D41K 

4k.lOf\OTOtfl  ;  -Vy 


TYPICAL  CHARACTERISTICS  (continued) 


CAPACITANCE 


FIGURE  8  -  (D40K  series) 


FIGURE  9  -  (D41K  series) 
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HIGH  FREQUENCY  CURRENT  GAIN 


FIGURE  10  -  ID40K  series) 


FIGURE  11  -  (D41K  series) 


10 

z 

5  5.0 
ae 

qe 
K 

>- 

u 

5  i.o 

z> 

2 

2  0.5 
x 
a 
x 

^  0.2 


Vrc  =  5  0 

Vdc 

Tj  -  25°C 
I  =  100  MHz 

0.01        0.02    0.03      0.05  0.1  0.2     0.3       0.5  1.0 

IC,  COLLECTOR  CURRENT  (AMP) 


 vc 

E  -  5.0  Vdt 
rj  -  25°C 
1 =  100  Mr 



I 

1 

|  

IC.  COLLECTOR  CUR  RENT  (AMP) 


3-713 


D40N1  D40N3 
D40N2  D40N4 


® 


NPN  SILICON  ANNULAR 
HIGH  VOLTAGE  AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  high  voltage  TV  video  and  chroma  output  circuits, 
high-voltage  linear  amplifiers,  and  high  voltage  transistor  regulators. 


•  High  Collector  Emitter  Breakdown  Voltage  - 

BVCE  R  =  300  Vdc  (Min)  @  lc  -  1.0  mAdc  -  D40N3,  4 

•  Low  Collector-Base  Capacitance  - 

Ccb  ■=  3.0  pF  (Max)  @  VCB  =  20  Vdc 

•  Duowatt  Package  - 

2  Watts  Free  Air  Dissipation  <§>  TA  -  25°C 


DUOWATT 

NPN  SILICON 
AMPLIFIER  TRANSISTORS 


Tab  forming  and  TO-5  load  forming  available  on 


MAXIMUM  RATINGS 

Rating 

Symbol 

D40N1.  2 

□40N3.  4 

Unit 

Collector-Emitter  Voltage  (1,  2) 

VCER 

250 

300 

Vdc 

Collector-Base  Voltage 

VCBO 

250 

300 

Vdc 

Emitter-Base  Voltage 

VEBO 

5.0 

Vdc 

Collector  Current  -  Continuous 
-  Peak 

ic 

0.1 
0.7 

Adc 

Base  Current 

<B 

250 

mAdc 

Total  Power  Dissipation  @  TA  =  25°C 
Derate  above  25°C 

PD 

1.67  131 
13.3 

Watts 
mW/°C 

Total  Power  Dissipation  @Jq  =  25°C 
Derate  above  25°C 

pD 

6.25 
50 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-55  to  +150 

°C 

Solder  Temperature,  1/16"  from  Case 
for  10  Seconds 

260 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

RflJA 

75 

°c/w 

Thermal  Resistance,  Junction  to  Case 

R()JC 

20 

°c/w 

(1)  lc  «  1.0  mAdc.  RfjE  =  10  kf!. 

(2)  Pulse  Test:  Pulse  Width  <  300  us,  Dutv  Cvcle  <  2%. 

(3)  The  actual  power  dissipation  capability  of  Duowatt  transistors  are  2  W  @  T^  =  25°C. 

STYLE  t: 

PIN  I.  EMITTER 

2  BASE 

3  COLLECTOR 
4.  COLLECTOR 

. 


=[7 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22  3b 

0.860 

0  880 

1 

9.91 

10.41 

0.390 

0  1 10 

C 

439 

4.65 

0  173 

0  183 

0 

058 

0.74 

0023 

0029 

F 

3.56 

406 

0  140 

0  160 

G 

2.41 

2.67  J  0  096 

0  105 

H 

DO 

1.96 

0067 

0  077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12  19 

1295 

0480 

0510  J 

L 

1  65 

2.03 

0065 

0080 

N 

9  91 

10  16 

0  390 

0  400 

P 

356 

3.81 

0  140 

0  150 

R 

1.75 

0.042 

' 

9.14 

t0310 

TO-202AC 
CASE  306-04 
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D40N1,  D40N2,  D40N3,  D40N4 


ELECTRICAL  CHARACTERISTICS  (TA  =  25°C  unless  otherwise  noted.) 


Characteristic 

Symbol 

Min 

Mm 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage  (1 ) 
(lc  =  1  0  mAdc.  I8  =  0.  RBE  -  10  kn) 

D40N1,  2 
D40N3, 4 

BVCER 

250 
300 

Vdc 

Collector  Cutoff  Current 
(VCB  =  250Vdc.  IE«0> 
(VCB-300  Vdc.  IE-0I 

D40N1,  2 
D40N3,  4 

ICBO 

10 
10 

MAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc,  lc  -  0) 

lEBO 

10 

uAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(IC  "  4.0  mAdc,  Vce  -  10  Vdcl 

(lC-20mAdc,VCE-10Vdc) 

(lC-  40  mAdc.  VCE-10Vdcl 

D40N1.3 
D40N2,  4 
D40N1.3 
D40N2.4 
D40N1.3 
D40N2, 4 

"FE 

20 
30 
30 
60 
20 
30 

90 
180 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

llc  -  20  mAdc,  VCE  -  10  Vdc,  f  -  20  MHz) 

<T 

50 

MHz 

Collector-Base  Capacitance 

(VCB  -20  Vdc,  lE-0,f-  1.0  MHz) 

Ccb 

3.0 

PF 

(1)  Pulse  Test:  Pulse  Width  <  300  vs.  Duty  Cycle  <  2.0%. 


ATING  AREA 

are  two  limitations  on  the  power  handling  ability  of  a 
average  junction  temperature  and  second  breakdown, 
atmg  area  curves  indicate  ic  VCE  limits  of  the  transistor 
t  be  observed  for  reliable  operation,  i.e..  the  transistor 
be  subjected  to  greater  dissipation  than  the  curves  indicate 
ata  of  Figure  1  is  based  on  Tj(pk)  =  150°C;  T"c  is  variable 
g  on  conditions.  Second  breakdown  pulse  limits  are  valid 
cycles  to  10%  provided  Tj(pk)  <  150°C.  Tj(pkj  may  be 
i  from  the  data  in  Figure  6.  At  high  case  temperatures, 
imitations  will  reduce  the  power  that  can  be  handled  to 
is  than  the  limitations  imposed  by  second  breakdown. 
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D40N1,  D40N2,  D40N3,  D40N4 


TYPICAL  CHARACTERISTICS  (continued) 


3-716 


® 


MOTOROLA 


D40P1 
D40P3 
D40P5 


NPN  SILICON  ANNULAR 
HIGH  VOLTAGE  AMPLIFIER  TRANSISTORS 

.  .  .  designed  for  horizontal  drive  applications,  high-voltage  linear 
amplifiers,  and  high-voltage  transistor  regulators. 

•  High  Collector-Emitter  Breakdown  Voltage  — 

DUOWATT 

NPN  SILICON 
AMPLIFIER  TRANSISTORS 

 — 

BVCEO  "  225  Vdc  (Min)  @  lc  =  1 .0  mAdc  -  D40P5 

•  Low  Collector-Emitter  Saturation  Voltage  - 

vCE(sat)  =  10  Vdc  <Max'  @  'C  =  100  mAdc 
•  Duowatt  Package - 

2  Watts  Free  Air  Dissipation  @  TA  =  25°C 

Tab  forming  and  TO-5  lead  forming  available  on 



special  request. 

MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-E 


i  Voltage 


Collector  Current 


Continuous 
Peak  ID 


Total  Power  Dissipation  ( 
Derate  above  25°C 


TA  =  25°C 


Total  Power  Dissipation  @Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Solder  Temperature.  1/16"  from  Case 
for  10  Seconds 


Symbol     D40P1      D40P3  D40P5 


VCEO 


vCBO 


vEBO 


Tj.Ts, 


250 


-  0.5- 

-  1.0- 


1.67  12] - 
-  13.3  — 


-6.25- 
-  50  - 


■  -55  to  *150  - 


-260- 


Watts 
mW/°C 


Watts 
mW/°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Ambient 

RtlJA 

75 

°c/w 

Thermal  Resistance.  Junction  to  Case 

R«JC 

20 

°c/w 

<11  Pulse  Test:  Pulse  Width  <  1 .0  ms.  Duty  Cycle  <  50%. 

(2)  The  actual  power  dissipation  capability  of  Duowatt  transistors  are  2  W  @  TA 


-  25°C. 


STYLE  1 

PIN  1  EMITTER 

2  BASE 

3  COLLECTOR 

4  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

2i  84 

22  35 

11  860 

880 

B 

9  91 

1(1  4! 

0  390 

U  4  10 

C 

4  39 

4  65 

0  173 

0  183 

0 

0  58 

0.74 

0  023 

0  029 

F 

3  56 

4  06 

0  160 

G 

H 

1  70 

J 

048 

0019 

K 

12  19 

1295 

0  480 

0  510 

L 

1  65 

2  03 

0  065 

0  080 

H 

991 

10  16 

0  390 

0  400 

Q 

3  56 

3  81 

D  140 

151] 

mmmi  ti»rrira.TriTrii»;.vri 

TO-202AC 
CASE  306-04 
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D40P1,  D40P3,  D40P5 


ELECTRICAL  CHARACTERISTICS  (TA  -  25°C  unless  otherwiie  noted.)  

Chirecter  |        Symbol  Min        |         Max  Unit 

OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage  11 ) 

(IC=  LOmAdc,  lB-0)  D40P1 

D40P3 
D40P5 

BVCEO 

120 
180 
225 

Vdc 

Collector  Cutoff  Current 

(VCB-200Vdc,  lE«OI  D40P1 
(VCB  "  250  IVdc,  lE  -  0)  D40P3 
(VCB  -  300  Vdc.  IE  -  0)  D40P5 

ICBO 

10 
10 
10 

MAdc 

Emitter  Cutoff  Current 
(VEB-7.0Vdc,  IC-0I 

Iebo 

10 

uAdc 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 

(lc  -  80  mAdc.  VCE  -  10  Vdc) 
(lc  =  2.0  mAdc,  VCE  -  10  Vdc) 

hFE 

40 

20 

_ 

Collector-Emitter  Saturation  Voltage 
(IC  ■  100  mAdc,  lB  -  10  mAdc) 

VcE(sat) 

1.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  -  100  mAdc.  IB  -  10  mA) 

VBE(satl 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product 

«T 

50 

MHz 

(IC  -  80  mAdc,  VCE  -  10  Vdc,  (  =  20  MHz) 

Collector-Base  Capacitance 

(VCB  -  10  Vdc,  lE  -  0,  f  -  1.0  MHz) 

Ccb 

6.0 

pF 

SWITCHING  CHARACTERISTICS 

Storage  Time 

llC(on)  "  80  mA,  lB(on)  =  8.0  mA,  lB(of(>  =  8.0  mA) 

«• 

2.5 

MS 

111  Pulse  Test:  Pulse  Width  <  300ms,  Duty  Cvcle  <  2.0%. 


TYPICAL  CHARACTERISTICS 


FIGURE  1  -  CURRENT -GAIN  -  BANDWIDTH  PRODUCT  FIGURE  2  -  CAPACITANCE 
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D40P1,  D40P3,  D40P5 


TYPICAL  CHARACTERISTICS  (Continued) 
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D40P1,  D40P3,  D40P5 


TYPICAL  CHARACTERISTICS  (Continued) 


FIGURE  9  -  THERMAL  RESPONSE 


 Z»JA(t>  ■  'HI  R«JA 

flSJA  ■  75°C/W  Me* 

D  CURVES  APPLY  FOR  POWER 
—I'll—  PULSE  TRAIN  SHOWN 

1-12—)  REAO  TIME  AT  I] 

Duty  Cycle,  D  -  tl/t2  TJlpkl  'TC 


P[pk|ReJcW 


0.1      0.2  0.5 


10  20 
t.TIME  tasl 


500     l  0k     2.0k        5.0k  10k 


20k      50k  100k 


FIGURE  10  -  ACTIVE  REGION  SAFE-OPERATING  AREA 
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FIGURE  11  -  POWER  DERATING 
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Tc.  CASE  TEMPERATURE  <°C) 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q— Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  10  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  10  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  11. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  9. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 
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® 


NPN 

D44C  Series 

PNP 
D45C  Series 


CORA PLEftfl ENTAR Y  SILICON  F 


.  .  .  for  general  purpose  driver  or  medium  power  output  stages  in  CW 
or  switching  applications. 

•  Low  Collector-Emitter  Saturation  Voltage  —  0.5  V  (Max) 

•  High  ft  for  Good  Frequency  Response 

•  Low  Leakage  Current 


4.0  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

30-80  VOLTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

D44C  or  D45C 

Unit 

1.2. 
3 

4.5. 
6 

7.8. 
9 

10.11. 
12 

Collector-Emitter  Voltage 

vCEO 

30 

45 

60 

80 

Vdc 

Collector-Emitter  Voltage 

VCES 

40 

55 

70 

90 

Vdc 

Emitter  Base  Voltage 

VEB 

50 

Vdc 

Collector  Current  —  Continuous 
Peak(1) 

ic 

4.0 
6.0 

Adc 

Total  Power  Dissipation 
@>  TC  =  25°C 
@  TA  =  25°C 

30 

1.67 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj. 
Tstg 

-55  to  150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rejc 

4.2 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R«JA 

75 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

TL 

275 

"C 

(11  Pulse  Width  «  6  0  ms.  Duly  Cycle  S  50% 

ELECTRICAL  CHARACTERISTICS  (Tj 


25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

DC  Current  Gain 
(VCE  =  1  OVdc.  IC  =  0  2  Adc) 

D44C3,6,9,12 
D45C3.6.9.12 
D45C2.5,8,11 

hFE 

40 

120 

D44C2.5.8.11 

100 

220 

(VCE  =  1 .0  Vdc,  lC  =  1  0  Adc) 
(VCE=1.0Vdc,  lC  =  20Adc) 

D44C1.4.7.10 
D45C1, 4.7.10 

25 

D44C3.6.9.12 
D45C3.6.9.12 
D44C2.5.8.1 1 

20 

D45C2.5.8.1 1 

20 

D44C1. 4,7.10 
D45C1.4.7.10 

10 

NOTES:   H  N 

1  DIMENSION  H  APPLIES  TO  ALL  LEADS. 

2  DIMENSION  L  APPLIES  TO  LEADS  1 
ANO  3 

3  DIMENSION  2  OEFINES  A  20NE  WHERE 
ALL  BODY  ANO  LEAD  IRREGULARITIES 
ARE  ALLOWED 

4.  DIMENSIONING  ANO  TOLERANCING  PER 

ANSI  Y14  SM.  1982 
5  CONTROLLING  DIMENSION  INCH 


MILLIMETERS 

INCHES 

DIM 

min 

MAX 

Ml* 

MAX 

A 

14.60 

15.75 

0.575 

0  620 

B 

9  65 

10.29 

0380 

0405 

C 

406 

482 

0  160 

0  190 

D 

064 

089 

0  025 

0  036 

F 

361 

3  73 

0  142 

0  147 

G 

241 

267 

0  095 

0  105 

H 

2  79 

3.93 

0  110 

0  155 

J 

0.36 

0.56 

0014 

0022 

« 

12  70 

1127 

0  500 

0562 

L 

1  14 

1  39 

0045 

0  055 

N 

4  83 

5  33 

0  190 

0210 

0 

2.54 

3.04 

0  100 

0  120 

R 

2.04 

2.79 

0080 

0110 

S 

1.14 

1.39 

0  045 

0  055 

T 

5  97 

648 

0  235 

0  255 

U 

000 

1.27 

0.000 

0  050 

V 

1.14 

0.045 

1 

203 

0.080 

STYLE  1: 

PIN  I  BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


CASE221A-02 
(TO-220AB) 


D44C  Series  NPIM,  D45C  Series  PNP 


ELECTRICAL  CHARACTERISTICS  (Tj  =  25°C  unless  otherwise  noted) 

Ch',>Ct<ri,,iC  1    SYmb0'    I      Mi"     I       TYP      I     "«    I  Unit— I 

OFF  CHARACTERISTICS 


Collector  Cutoff  Current 
|VCE  =  Rated  VC£S.  VfJE  =  01 

ices 

10 

„A 

Emitter  Cutoff  Current 
(VEB  =  5  0  Vdcl 

lEBO 

100 

„A 

ON  CHARACTERISTICS 


Collector-Emitter  Saturation  Voltage 
|IC  ■  1  0  Adc.  IB  =  50  mAdcl 

D44C/D45C2.3.5.6. 

8.9.11.12 

VCE(sat) 

0.5 

Vdc 

|IC=  1.0  Adc,  lB  =  100  mAdcl 

044C/D45C1. 4.7,10 

0.5 

Base-Emitter  Saturation  Voltage 

VBE(sat) 

13 

Vdc 

(lC=  10  Adc.  IB=  100  mAdcl 

DYNAMIC  CHARACTERISTICS 


Collector  Capacitance 

Ccb 

pF 

(VCB  =  1 0  Vdc.  f  =  1  0  MHz)                            D44C  Series 

D45C  Series 

100 
125 

Gain  Bandwidth  Product 

T 

50 
40 

MHz 

(lc  =  20  mA,  VCE  •  4.0  Vdc,  f  =  20  MHz)            D44C  Series 

D45C  Series 

SWITCHING  TIMES 


Delay  and  Rise  Times 
|IC  =  1  0  Adc.  IB1  =0.1  Adc) 

D44C  Series 
D45C  Series 

td"r 

100 

ns 

50 

Storage  Time 
(lC=10Adc.  IB1  =IB2  =  0.1  Adc) 

D44C  Series 
D45C  Series 

's 

500 
500 

ns 

Fall  Time 
(lc  =  1.0  Adc.  IB1  =  lB2  =  0.1  Adc) 

H 

ns 

D44C  Series 

75 

D45C  Series 

50 

FIGURE  2  -  MAXIMUM  RATED  FORWARD  BIAS 
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D44E  Series 

pnp  (M)  MOTOROLA 

D45E  Series  ^ 


a  r-v  iini  CtlChlTA 

COD™TON- 


...  for  general  purpose  power  amplification  and  switching  such  as 
output  or  driver  stages  in  applications  such  as  switching  regulators, 
converters  and  power  amplifiers. 

•  Low  Collector-Emitter  Saturation  Voltage  — 

VCE(sat)  =  2  0  V  (Max)  @  10  A 

•  High  DC  Current  Gain  —  1000  (Min)  @  5.0  Adc 

•  Complementary  Pairs  Simplifies  Designs 


MAXIMUM  RATINGS 

D44E  or  D45E 

Rating 

Symbol 

Unit 

1 

2 

3 

Collector-Emitter  Voltage 

VCE0 

40 

60 

80 

Vdc 

Emitter  Base  Voltage 

VEB 

7.0 

Vdc 

Collector  Current  —  Continuous 
Peak(l) 

ic 

10 
20 

Adc 

Total  Power  Dissipation 
@  TC  =  25°C 
@  TA  =  25°C 

50 
1  67 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

Tj. 
Tstg 

-55  to  1 50 



°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

P»JC 

2.5 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R«JA 

75 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

TL 

275 

°c 

( 1 1  Pulse  Width  «  6.0  ms,  Duty  Cycle  <S  50%. 

FIGURE  1  —  TYPICAL  DC  CURRENT  GAIN 


0.002         001  0.02    0.05  0  1  0.20.305   1.0  2.0305.0    10  20 
IC.  COLLECTOR  CURRENT  (AMPS) 


DARLINGTON 
10  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

40-80  VOLTS 
50  WATTS 


dV 

NOTES: 

1.  DIMENSION  H  APPLIES  TO  ALL  LEADS 

2.  DIMENSION  L  APPLIES  TO  LEADS  1  AND  3  ONLY. 

3.  DIMENSION  2  DEFINES  A  ZONE  WHERE  ALL 
BODY  AND  LEAD  IRREGULARITIES  ARE 
ALLOWED. 

4.  DIMENSIONING  AND  TQLERANCING  PER  ANSI 
Y  14.5  .973. 

5.  CONTROLLING  DIMENSION:  INCH. 


MILLIMETERS 

tie 

IES 

DIM 
* 

14  60 

15.75 

MIN 

0.575 

MAX 

'J&W 

8 

C 
D 

965 
4  06 
0  5a 

1029 
*  32 
0  89 

D  3SI! 

0  160 
0  025 

0405 

0  190 
0  035 

F 
G 
H 

36! 
241 
2  79 

3  73 
2.6? 
3  31! 

0  142 
0  095 
0  110 

0  147 
0  105 
1!  150 

J 

0.36 

0  56 

00M 

0  022 

K 

I 

114 

1417 
1  39 

0  500 
0  045 

0  562 
0  35i 

N 

0 
R 

4  83 
Z  54 
204 

6  33 
J  OS 
2  79 

0  190 
0  100 
0  080 

0210 
0.120 
0  110 

S 
T 

1  14 

597 

'  39 
-■  4! 

0  045 

0O55 
0  255 

U 
V 

z 

0  00 

1  14 

1  27 

2  a:; 

0.000 
0  045 

0  050 
0.080 

1  BASE 

2.  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


CASE  221 A-02 
(TO  220AB) 
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D44E  Series  NPN,  D45  Series  PNP 

AJKMROTOtA  (M) 


ELECTRICAL  CHARACTERISTICS  (Tc  = 


unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector  Cutoff  Current 
{VCE  -  Rated  VCEO.  VBE  =  0) 

Ices 

to 

fA 

Emitter  Cutoff  Current 
(VEB  =  7.0  Vdc) 

Iebo 

10 

„A 

ON  CHARACTERISTICS  (1) 




DC  Current  Gain 

»C  =  5.0  Adc,  Vce  =  5.0  Vdc) 

nFE 

1000 

Collector-Emitter  Saturation  Voltage 
OC  =  5.0  Adc,  lB  =  1 0  mAdcl 
(lc  =  10  Adc,  lB=  20  mAdc) 

vCE(sat) 

1.5 

Vdc 

2.0 

Base-Emitter  Saturation  Voltage 
(!<;  =  5.0  Adc,  lB  =  10  mAdc) 

vBE(sat| 

2.5 

Vdc 

DYNAMIC  CHARACTERISTICS 


Collector  Capacitance 
(VCB  =  10  Vdc.  ftest  =  1 .0  MHz) 


D44E  Series 
D45E  Series 


CCBO 


130 
220 


SWITCHING  CHARACTERISTICS 


Delay  and  Rise  Times 
(lc  =  10  Adc,  Ibi  ■  20  mAdc) 


td  +  'r 


Storage  Time 
(lc  =  10  Adc,  ln,i  =  Ib2  =  20  mAdc) 


2.0 


Fall  Time 
(lC  =10  Adc,  lB1  =  lB2  =  20  mAdc) 


0.5 

 1  1  1 


SAFE  OPERATING  AREA  INFORMATION 


FIGURE  2  -  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA  (NPN) 


FIGURE  3  -  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA  (PNP) 


2.0    3.0      5.0   7.0    10  20     30       50    70  100 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


1.0         2.0    3.0      5.0  7.0    10  20     30       50    70  100 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 
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NPN 
D44H  Series 


®U44t1  5e 
MOTOROLA  pnp 

D45H  Series 


COMPLEMENTARY  SILICON  POWER  TRANSISTORS 

...  for  general  purpose  power  amplification  and  switching  such  as 
output  or  driver  stages  in  applications  such  as  switching  regulators, 
converters  and  power  amplifiers. 


•  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  =  1  0  V  (Max)  @  8.0  A 

•  Fast  Switching  Speeds 

•  Complementary  Pairs  Simplifies  Designs 


MAXIMUM  RATINGS 

Rating 

Symbol 

D44H  or  D45H 

Unit 

1.2 

4.S 

7.8 

10.11 

Collector-Emitter  Voltage 

vCE0 

30 

45 

60 

80 

Vdc 

Emitter  Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  —  Continuous 
Peak(1) 

ic 

10 

20 

Adc 

Total  Power  Dissipation 
@  TC  =  25°C 
@  TA  =  25°C 

Pd 

SO 
1.67 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

Tj. 
Tstg 

-55  to  150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R«jc 

2.5 

°C/W 

Thermal  Resistance.  Junction  to  Ambient 

«9JA 

75 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1 )  Pulse  Width  s  6.0  ms.  Duly  Cycle  <S  50%. 
ELECTRICAL  CHARACTERISTICS  (Tj  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

DC  Current  Gain 
(VCE  =  1 .0  Vdc.  IC  =  2  0  Adc) 

D44H1.4.7.10 
D45H1, 4,7,10 

nFE 

35 

D44H2.5.8.11 
D45H2.5.8.11 

60 

(VCE  =  1  0  Vdc.  IC  =  4  0  Adc) 

D44H1. 4,7,10 
D45H1.4.7.10 

20 

D44H2,5,8,11 
D45H2.5.8.1 1 

40 

10  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

30-80  VOLTS 


NOTES: 

1.  DIMENSION  H  APPLIES  TO  ALL  LEADS 

2  DIMENSION  L  APPLIES  TO  LEADS  1 
AND  3 

3  DIMENSION  Z  DEFINES  A  ZONE  WHERE 
ALL  BODY  ANO  LEAD  IRREGULARITIES 
ARE  ALLOWED 

4  DIMENSIONING  ANO  TOLERANCtNG  PER 
ANSI  V14  5M.  I9S2. 

5  CONTROLLING  DIMENSION  INCH 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15.75 

0.575 

0  620 

B 

9  65 

10  29 

0  380 

0405 

C 

4  06 

4  82 

0  160 

0  190 

D 

064 

0  89 

0  025 

0  035 

F 

3.61 

3.73 

0  142 

0  147 

G 

2  41 

267 

0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  155 

J 

0  36 

0  56 

0014 

0  022 

K 

12  70 

1427 

0  500 

0  562 

L 

1.14 

1  39 

0.045 

0  055 

N 

4.83 

5  33 

0  190 

0210 

0 

2  54 

304 

0  100 

0  120 

R 

204 

2  79 

0  080 

0  110 

S 

114 

1.39 

0  045 

0  055 

T 

5.97 

6  48 

0  236 

0256 

U 

0.00 

1.27 

0  000 

0  050 

V 

114 

0  045 

z 

203 

0  080 

I  BASE 

2,  COLLECTOR 

3.  EMITTER 

4  COLLECTOR 


CASE  221A-02 
(TO-220AB) 


D44H  Series  NPIM,  D45H  Series  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  c 


Typ  M.x 


OFF  CHARACTERISTICS 





Collector  Cutoff  Current 
(VCE  =  Rated  VCE0-  Vf)E  =  0) 





Ices 


„a 


Emitter  Cutoff  Current 
(VEB  =  5.0  Vdc) 


ON  CHARACTERISTICS 


Collector-Emitter  Saturation  Voltage 
Oc  =  8.0  Adc,  lB  =  0.4  Adc) 
(■C  =  8.0  Adc.  lB  =  0.8Adc) 


D44H/D45H2.5.8.11 
D44H/D45H1A7.10 


vCE(sat| 


10 

1.0 


Base-Emitter  Saturation  Voltage 
(lc  =  8  0  Adc.  IB  =  0  8  Adc) 


vBE|sat) 


DYNAMIC  CHARACTERISTICS 


Collector  Capacitance 
(VCB  =  10  Vdc.  ftest  =  1  0  MHz) 

□44  H  Series 

Ccb 

130 

pF 

D45H  Series 

230 

Gain  Bandwidth  Product 
OC  =  0.5  Adc,  VCE  =  10  Vdc.  f  =  20  MHz) 

D44H  Series 
045H  Series 

<T 

50 
40 

MHz 

AM 

SWITCHING  TIMES 


Delay  and  Rise  Times 
0C  =  5.0  Adc.  IB1  =  0.5  Adc) 


D44H  Series 
1  Series 


D45H! 


td*'r 


300 
135 


Storage  Time 
OC  =  5.0  Adc,  IB1  =  lB2  =  0.5  Adc) 


D44H  Series 
D45H  Series 


500 
500 


Fall  Time 
OC  =  5.0  Adc.  IB1  =  lB2  =05  Adc) 


140 
100 


-  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA 


01  1.0 
IC.  COLLECTOR  CUAAENT  (AMPS) 


2  0    3.0      5.0  70    10  20     30       SO  70 

VCE.  COLLECTOR-EMITTEA  VOLTAGE  (VOLTS) 
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NPN 

®D44VH  Series 
MOTOROLA  PNP 

D45VH  Series 


COMPLEMENTARY  SILICON  POWER  TRANSISTORS 

These  complementary  silicon  power  transistors  are  designed  for 
high-speed  switching  applications,  such  as  switching  regulators 
and  high  frequency  inverters.  The  devices  are  also  well-suited  for 
drivers  for  high  power  switching  circuits. 

•  Fast  Switching  —  tf  =  90  ns  (Max) 

•  Key  Parameters  Specified  @  100°C 

•  Low  Collector-Emitter  Saturation  Voltage  — 

VCE(sat)  =  1  0  V  (Max)  @  8.0  A 

•  Complementary  Pairs  Simplify  Circuit  Designs 




MA] 

CIMUM  RATINGS 

D44VH  or  D4SVH 

Rating 

Symbol 

Unit 

1 

4 

7 

10 

Collector-Emitter  Voltage 

VCEO 

30 

45 

60 

80 

Vdc 

Col  lector- Emitter  Voltage 

VCEV 

50 

70 

80 

100 

Vdc 

Emitter  Base  Voltage 

VEB 

7.0 

Vdc 

Collector  Current  —  Continuous 
Peak(1) 

ic 

!CM 

15 
20 

Adc 

Total  Power  Dissipation 
@  TC  = 25°C 
Derate  above  25°C 

PO 

83 
1.67 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj. 
Tstg 

-55  to  150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  R 

Bsistance.  Junction  to  Case 

"9JC 

15 

°C/W 

Thermal  R 

BSistance.  Junction  to  Ambient 

"8JA 

62.5 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

TL 

275 

°c 

IDPulMWi 

Jib  <  6  0  n.  Duty  Cycle  <  50% 

fc|Aln   A  .     All  -  -   — _U**.*««  4m*  UDU  •  «  An  «  :»b             C*-  Dk|D  am  ■  ■  mT  ■■  i  n 

noie  i.  mii  poianties  are  snown  ior  urn  transistors  ror  rwr  transistor 
Now  2:  Sea  MJE5220/5230  Sarin  data  sheet  lor  charactaristic  curves 

i.  reverse  pc 

15  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

30.  45.  60  and  80  VOLTS 
83  WATTS 


NOTES   J  N 

1  0IMENSI0N  H  APPLIES  TO  ALL  LEADS 

2  DIMENSION  L  APPLIES  TO  LEAOS  I 
AND  3 

3  DIMENSION  2  DEFINES  A  ZONE  WHERE 
ALL  BODY  AND  LEAD  IRREGULARITIES 
ARE  ALLOWED 

4  DIMENSIONING  AND  TOLERANCING  PER 
ANSI  Y14  5M.  1382 

5  CONTROLLING  DIMENSION  INCH 


Din 

MILLIMETERS 

INCHES 

MID 

MM 

Mm 

MAX 

* 

14  60 

15  75 

0  575 

0  620 

a 

9  65 

1029 

0  380 

0  405 

c 

406 

482 

0  160 

0  190 

0 

064 

089 

0  025 

0  035 

F 

361 

3  73 

0  142 

0  147 

G 

2  4! 

2.67 

0  035 

0  105 

H 

2  79 

393 

o  no 

0  155 

J 

0  36 

0  56 

0.014 

0.022 

K 

12  70 

14  27 

0  500 

0  562 

I 

114 

1  39 

0  045 

0055 

a 

483 

5  33 

0  190 

0210 

Q 

254 

304 

0  100 

0  120 

II 

2  04 

279 

0  0B0 

0  110 

S 

1  14 

1  39 

0  045 

0  055 

T 

597 

6  48 

0  235 

0  255 

U 

000 

1  27 

0  000 

0  050 

V 

1.14 

0  045 

z 

203 

0080 

STYLE  I. 

PIN   1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


CASE  221 A-02 
(TO-220AB) 
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D44VH  Series  NPN,  D45VH  Series  PNP 

0 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C 

unless  otherwise  noted) 

Characteristic 

J 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Col  lector- Emitter  Sustaining  Voltage  (1 ) 
dC  =  25mAdc.lB  =  0,  £™;J£™ 

D44VH7.  D45VH7 
D44VH10.  D45VH10 

VCEOfsus) 

30 
45 
60 
80 

Vdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  Rated  VCEV.  VBE(0ff|  =  4.0  Vdc) 
|VCE  =  Rated  VCEV.  VBE(off|  =  4 -0  Vdc.  Tc  .  100°C) 

!CEV 

10 
100 

/i  Adc 

Emitter  Base  Cutoff  Current 
(VEB  =  7.0Vdc.  Ic  =  0) 

'EBO 

10 

fiAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 
(lc  =  2.0Adc.  VCE=1.0Vdc) 
(IC  =  4.0  Adc.  VCE  =  1.0  Vdc) 

hFE 

35 
20 

Collector-Emitter  Saturation  Voltage 

VcE(sat) 

Vdc 

(lC  =  8.0  Adc.  Ib  ■  0.4  Adc) 

044 VH  Series 

04 

dC  =  8  0  Adc.  IB  =  0  8  Adc) 

(lC  =  1 5  Adc,  lB  =  3.0  Adc.  TC  =  100°C) 

D45VH  Series 
D44VH  Series 
D45VH  Series 

1.0 
08 
15 

Base-Emitter  Saturation  Voltage 
dC  =  8.0  Adc,  Ib  =  0  4  Adc) 
dC  =  8.0  Adc.  IB  =  0.8  Adc) 
dC  =  8.0  Adc,  lB  =  0  4  Adc,  Tc  =  100°C) 
dC  =  8.0  Adc,  In,  =  0.8  Adc,  Tc  f  100°C) 

D44VH  Series 
D45VH  Series 
D44VH  Series 
D45VH  Series 

VBE(sat) 

1.2 
10 
1.1 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current  Gain  Bandwidth  Product 
(lc  =  0.1  Adc.  VCE  =  10  Vdc,  f  =  20  MHz) 

h 

50 

MHz 

Output  Capacitance 
(Vcb  =  1 0  Vdc,  lc  =  0,  ftest  *  1  -0  MHz)            044VH  Series 

Ccb 

pF 

120 

D45VH  Series 

275 

SWITCHING  CHARACTERISTICS 

Delay  Time 

•d 

50 

ns 

Rise  Time 

(VCc  =  20  Vdc.  IC  =  8  0  Adc. 

tr 

250 

Storage  Time 

I8i  =  lB2  =  0  8  Adc) 

700 

's 

Fall  Time 

«f 

90 

(1 )  Pulse  Test:  Pulse  Width  s;  300  „ s.  Duty  Cycle  «  2% 
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® 


MOTOROLA 


MDS20 
MDS21 


NPN  SILICON  ANNULAR 
HIGH  VOLTAGE  AMPLIFIER  TRANSISTORS 

DUOWATT 

NPN  SILICON 
AMPLIFIER  TRANSISTORS 

.  .  .  designed  for  high-voltage  TV  video  and  chroma  output  circuits, 
high-voltage  linear  amplifiers,  high-voltage  drivers  and  high-voltage 
transistor  regulators. 

•  High  Collector-Emitter  Breakdown  Voltage  — 

BVcEO    300  Vdc  (Min)  @  Iq  =  1 .0  mAdc  -  MDS21 

•  Low  Collector-Emitter  Saturation  Voltage  — 

vCE(sat)  =  0-6  Vdc  (Max)  @  lc  =  30  mAdc 

•  Low  Collector-Base  Capacitance  — 

Ccb  -  3.0  pF  (Max)  @  VCB  *  20  Vdc 

•  Duowatt  Packaae  — 

2  Watts  Free  Air  Dissipation  (g>  Ta  =  25°C 

MAXIMUM  RATINGS 

Rating 

Symbol 

MDS20 

MDS21 

Unit 

Collector-Emitter  Voltage 

vCEO 

250 

300 

Vdc 

Collector-Base  Voltage 

vCBO 

250 

300 

Vdc 

Emitter-Base  Voltage 

VEBO 

8.0 

Vdc 

Collector  Current  —  Continuous 

'C 

0.5 

Adc 

Base  Current 

IB 

0.25 

Adc 

Total  Power  Dissipation  @  TA  =  25°C 
Derate  above  25°C 

PD 

2.0 
16 

Watts 
mW/°C 

Total  Power  Dissipation  @  Jc  =  25°C 
Derate  above  25°C 

Pd 

10 
80 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-55  to 

+  150 

°C 

Solder  Temperature,  1/16"  from  Case 
for  10  Seconds 

260 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Ambient 


Thermal  Resistance,  Junction  to  Case 


Symbol 


RejA 


R0JC 


°c/w 


I 

—  B- 

A 

1 

f 

i 

Hi 

> 

C 

-L 

G 

STYLE  1: 

PIN  I  EMITTER 
2  BASE 
3.  COLLECTOR 
4  COLLECTOR 


MM 

MILLIMETERS1  INCHES 

MIN 

MAX 

MIN 

MAX 

21.84 

22  35 

0.860 

0  680 

9.91 
4.39 

1041 
4.65 

0.390 
0.173 

0410 

0.163 

058 
356 
2  41 
1.70 
048 

0.74 
4.06 
2.67 
1  96 
0  66 

0  023 
0  140 
0.095 
0.06? 
0.019 

1)0?9 
0  160 
0  105 
0  077 
0  026 

12  19 

1?  95 

[i  4  m 

(i  510 

1.6b 

2  03 

0  065 

o  oeo 

9.91 
1    3  56 

10  16 

0.390 

0  400 

381 

0.140 

o  150 

1  07 

1/5 

0.042 

0  069 

7.87 

9  1*  |  0.310 

CASE  306-04 

TO  202AC 
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),  MDS21 


ELECTRICAL  CHARACTERISTICS  <TA  -  25°C  i 


i  noted) 


Characteristic 

Symbol 

Mtn 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage  (1) 
<lc  -  1 .0  mAdc.  IB»0) 

MDS20 
MDS21 

BVCE0 

Vdc 

260 
300 

Collector  Base  Breakdown  Voltage 
dc  *  100  iiAdc.  Ie  *  01 

MDS20 
MDS21 

BVCBO 

250 
300 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  =  100  dAdc,  lc  -  01 

bveb0 

8.0 

Vdc 

Collector  Cutoff  Current 
(VCE  =■  150  Vdc,  lB  -0) 
IVCE  =  200  Vdc,  lB  -01 

MDS20 
MDS21 

'CEO 

0.5 
0.5 

MAdc 

Collector  Cutoff  Current 
(VCB  ■  200  Vdc,  lE  -0) 
(VCB-250Vdc.  lE-0) 

MDS20 
MDS21 

ICBO 

0.1 

uAdc 

Emitter  Cutoff  Current 
(Vbe  "  6.0  Vdc,  lc  -  0) 



lEBO 

 ol  

MAdc 

ON  CHARACTERISTICS  II) 


DC  Current  Gain 

(lc  =  30  mAdc,  VCE  -  10  Vdc) 

nFE 

40 

250 

Collector-Emitter  Saturation  Voltage 
lip  =  30  mAdc.  IB  -  3.0  mAdc) 

vCEIsatl 

0.6 

Vdc 

Base-Emitter  On  Voltage 

(lc  "  30  mAdc,  VCE  =  10  Vdc) 

vBE(on> 

0.85 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain— Bandwidth  Prdouct 

»T 

60 

MHz 

(lc  "  10  mAdc,  VCE  =  20  Vdc.  f  =  20  MHz) 

Collector-Base  Capacitance 

IVCB  -  20  Vdc,  I E  -  0.  f  =  1 .0  MHz) 

Ccb 

3.0 

pF 

Note  1 .  Pulse  Test:  Pulse  Width  <  300  lis.  Duty  Cycle  «  2.0%. 


0  01 
!  0.005 


TYPICAL  CHARACTERISTICS 


FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


 BONDING  WIRE  LIMIT 

 THERMAL  LIMIT.  SINGLE  PULSE,  T[  =  25°C 

SECOND  BREAKDOWN  LIMIT 

MDS20 


i 


M0S21- 

1111.  " 


2  0        5.0      10       20         50      100  200 
VCE.  COL  LECTOR -EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  ic  vCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(pk)  =  150°C;  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjpk)  <  150°C.  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  6.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 
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MDS20,  MDS21 


TYPICAL  CHARACTERISTICS  (continued) 


FIGURE  2  —  DC  CURRENT  GAIN  FIGURE  3  -  "ON"  VOLTAGES 


FIGURE  4  -  COLLECTOR  SATURATION  REGION  FIGURE  5  -  TEMPERATURE  COEFFICIENTS 


(VOLTS) 
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r 

i 
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1 

1 

1 
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MDS26     MDS76  ^ 

MDS27      MDS77  (M)  MOTOROLA 


COMPLEMENTARY  PLASTIC  SILICON 
POWER  TRANSISTORS 

.  .  .  designed  for  low  power  audio  amplifier  and  low  current,  high 
speed  switching  applications. 

•  Collector-Emitter  Sustaining  Voltage  — 

VCEO(sus)  =  40  Vdc  -  MDS26,  MDS76 
■  60  Vdc  -  MDS27,  Ml 

•  DC  Current  Gain  - 

hFE  =  40(Min)@lc  =  0.2  Adc 
=  30  (Min)@lC  =  1.0  Adc 

•  Current-Gain  -  Bandwidth  Product  - 

fT  =  50MH2(Min)@lC=100mAdc 

•  Annular  Construction  for  Low  Leakages  - 

ICBO  =  100  nA  (Max)  @  Rated  Vcb 


DUOWATT 
3.0  AMPERE 


COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 


40, 60  VOLTS 
10  WATTS 


Tab  forming  and  TO-5  lead  forming  available  on 
special  request. 


MAXIMUM  RATINGS 


Rating 


Collector-Base  Voltage 


Collector-Emitter  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 


Base  Current 


Total  Device  Dissipation  @  TA  =  25°C 
Derate  above  25°C 


Total  Device  Dissipation  ®  Tc=  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


VCB 


VCEO 


VEB 


Pd 


Pd 


Tj.T„ 


MDS26 
MDS76 


MDS27 
MOS77 


3.0 
5.0  ■ 


12.5 
-  100  - 


Watts 

W/°C 


Watts 
mW/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance.  Junction  to  Case 


Thermal  Resistance,  Junction  to 
Ambient 


8JC 


«JA 


62.5 


°C/W 


°c/w 


STYLE  3: 

PIN    I.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


0IM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0  880 

B 

9.91 

10.41 

0.390 

0.410 

C 

4.39 

4.65 

0  173 

0  183 

D 

0.58 

0.74 

0.023 

0.029 

F 

3.56 

4.06 

0.140 

0.160 

G 

nr 

241 

2.67 

0.095 

0.105 

1  70 

1.96 

0.067 

0.077 

j 

0.48 

0.66 

0019 

0.026 

K 

12.19 

12.96 

0480 

0.510 

L 

1.65 

2.03 

0  065 

0.080 

I 

9.91 

10.16 

0.390 

0.400 

Q 

3.56 

3.81 

0.140 

0.150 

1.07 

1.75 

0.042 

0.069 

! 

7.87 

9.14 

0.310 

0.360 

CASE  306-04 
TO  202  AC 


3-732 


MDS26,  MDS27NPN/MDS76,  MDS77PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 

(lc-  lOmAdc,  lB-  0)  MDS26.MDS76 

MDS27.MDS77 

VcEO(sus) 

40 
60 

- 

Vdc 

Collector  Cutoff  Current 

IVCB  =  60  Vdc,  lE  -  0)  MDS26.MDS76 

'CBO 

0.1 

fiAdc 

IVCB-80Vdc.  IE  =  0)  MDS27.MDS77 

- 

0.1 

(VCB  =60  Vdc.  IE  -0,TC  -  125°C>  MDS26.MDS76 
(VCB  =  80  Vdc.  I E  =  0.  TC  -  1 25°C)  MDS27.MDS77 

0.1 
0.1 

mAdc 

Emitter  Cutoff  Current 

 ' 

!EBO 

MAdc 

(VBE  -  7.0  Vdc.  IC  =  0) 

0.1 

ON  CHARACTERISTICS  11) 

DC  Current  Gain 

hFE 

(Iq  -  200  mAdc,  Vqe  -  1.0  Vdc) 
lie"  1.0Adc,VCE-  1.0  Vdc) 

40 
30 

200 

Collector-Emitter  Saturation  Voltage 



vCE(sat) 

Vdc 

(IC  =  200  mAdc,  lB  -  20  mAdc) 
(lC  =  1.0  Adc,  lB-  100  mAdc) 

0.3 
0.6 

(IC  =  3.0  Adc,  lB  -  600  mAdc) 

1.7 

Base-Emitter  Saturation  Voltage 

VBE(sat) 

Vdc 

(lC  =  2.0  Adc,  lB  =  200  mAdc) 

1.8 

Base-Emitter  On  Vottage 
(lC  =  500  mAdc,  Vc6  =  1.0  Vdc) 

vBE(onl 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product  (2) 

(lc  -  100  mAdc,  VCE  -  10  Vdc,  ftest  -  10  MHz 

MHz 

50 

Output  Capacitance 

(VCb  ■  10  Vdc,  lE  =  0,  f  =  0.1  MHz)             MDS26,  MDS27 

MDS76,  MDS77 

cob 

50 

pF 

70 

(1 )  Pulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  <  2.0% 


(2)fr=  lhfel.ftest 
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PNP  SILICON  ANNULAR  TRANSISTOR 

DUOWATT 

.  .  .  designed  for  general  purpose  applications  requiring  high  break- 

PNP SILICON 
HIGH  VOLTAGE 
TRANSISTOR 

down  voltages,  low  saturation  voltages  and  low  capacitance. 
•  Complement  to  NPN  Type  2N6558 

MAXIMUM  RATINGS 


Ratine, 

Symbol 

Velia 

Unit 

Collector-Emitter  Voltage 

Veto 

300 

Vdc 

Collector. Best  Voltage 

VCB 

300 

Vdc 

Emitter-Base  Voltage 

vEa 

50 

Vdc 

Collector  Current  -  Continuous 

ic 

500 

mAdc 

Total  Power  Dissipation  •  TA  -  25°C 
Oerete  ebove  25°C 

'o 

2.0 
16 

Wett 

mW/°C 

Total  Power  Dissipation  •  Tq  -  25°C 

'D 

10 

Wetti 

Oerete  ebove  2S°C 

80 

mW/°C 

Operating  end  Storage  Junctton 
Tempereture  Renge 

Tj.T^ 

55to*150 

»C 

THERMAL  CHARACTERISTICS 


X 


Characteristic 

Hat 

Unit 

Thermal  Refinance,  Junction  to  Cw 

»JC 

12.5 

°C/W 

Thermal  Resistance.  Junction  to  Ambient 

«JA 

62.5 

°c/w 

ELECTRICAL  CHARACTERISTICS  ITA  ■  25°C  unless  otherwle 

zn 


OFF  CHARACTERISTICS 


Collector  Emitter  Breakdown  VoKageMi 
1IC  «  10  mAdc.  iB  =0) 

BVcEO 

300 

Vdc 

Collector -Base  Breakdown  Voltage 
(lC  -  100  MAdc.  I6  =0) 

BVCBO 

300 

Vdc 

Emitter  Base  Breakdown  Voltage 
<IE  =  10*.Adc,  lC  =  0> 

bvebo 

SO 

Vdc 

Collector  Cutoff  Current 
IVCB  =  200  Vdc.  IE  =01 

'CBO 

0.2 

uAdc 

Emitter  Cutoff  Current 
IVB6  =  3.0  Vdc.  IC  =0) 

>EB0 

0.. 

wAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 
UC  =  1  OmAdc,  VCE  "  lOVdcl 
(lC  =  10mAdc.  VCE  =  t0Vdc) 
(IC  =  30mAdc.VCE  =  lOVdc) 

hFE 

75 
30 
30 

Collector-Emitter  Saturation  Voltage 
(lc  -  30  mAdc,  ;B  ■=  3  0  mAoc) 

075 

Vdc 

Base-Emitter  Saturation  Voltage 
i\C  =  30  mAdc,  lg  =  3.0  mAdct 

VBElsat) 

09 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -Bandwidth  Product 
(IC  =  10  mAdc,  VC£  =  20  Vdc.  f  -  10  MHi) 

<T 

45 

MHz 

Collector  Base  Capacitance 

tVCB  =  20  Vdc.  IE  -  0.  f  =  1 .0  MH/1 

Ccb 

8.0 

111  Pulse  Test:  Pulse  eVcdth  v  300  us.  Duty  Cycle  <  1% 


]_ 

STYLE  1:  f— 
PIN  1  EMITTER  i 
2  BASE 

3.  COLLECTOR 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

6 

9  91 
439 

10  41 

4.65 

0  390 
0  173 

0410 

C 

0  183 

D 

0.58 

074 

0023 

0029 

F 

G 

3.56 

406 

0  140 

0.160 

2  41 

2.67 
1  96 
0.66 

0095 

0  105 

H 

1  70 

0  067 
0019 

0.077 
O026 

J 

048 

K 

12  13 

12  95 

0480 

0510 

I 

1  65 

2  03 

0  065 

0080 
0  400 

N 

9.91 

10  16 

0  390 

Q 

3.66 

3.81 

0.140 

0.150 

R 

1.07 

1.75 

0.042 

0  069 

T 

7.87  |  9.14 

0310 

0.360 

CASE  306  04 
TO  202  AC 


3-734 


MDS60 


3-735 


MDS1678 

® 


NPN  SILICON  ANNULAR  RF  TRANSISTOR 

.  .  .  designed  for  use  in  Citizen-band  and  other  high-frequency 
communications  equipment  operating  to  30  MHz.  Higher  breakdown 
voltages  allow  a  high  percentage  of  up-modulation  in  AM  circuits. 

•  Output  Power  =  4  W  (Mini  @>  Vcc  =  12  Vdc 

•  Power  Gain  =  10  dB  (Min) 

•  High  Collector-Emitter  Breakdown  Voltage  -  BVrjER  >  65  Vdc 





FIGURE  1  -  POWER  GAIN 


.,  L 


CIRCUIT  TUNED#Pi„-0.25W 
VCC.  12  Vdc 
I  =  27  MHz 


DUOWATT 
4  W  —27  MHz 

RF  POWER  OUTPUT 
TRANSISTOR 


NPN  SILICON 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Base  Voltage 

vCBO 

65 

Vdc 

Collector-Emitter  Voltage 

VcER 

65 

Vdc 

Emitter-Base  Voltage 

vEBO 

4 

Vdc 

Collector  Current  —  Continuous 

'C 

3 

A  eft 

Total  Power  Dissipation  @  TA  »  25°C 
Derate  above  25°C 

PD 

2 
16 

Watt 
mW/°C 

Total  Power  Dissipation  @  Jc  =  25°C 
Derate  above  25°C 

Pd 

10 
80 

Watt 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-55  to  +  1  50 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Reistance,  Junction  to  Case 

eJC 

12.5 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

9JA 

62.5 

°c/w 

Tab  forming  and  TO  5  lead  forming 
available  on  special  request. 


P,„.  INPUT  POWER  (WATTS) 


STYLE  3 
PIN  1.  BASE 

2.  COLLECTOR 

3. 
4. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22  35 

0.S60 

0  880 

B 

9.91 

10.41 

0.390  1  0.410 

c 

4.39 

^4.65 

0.173 

0.183 

D 

058 

0  74 

0.023 

0  029 

F 

3.56 

4.06 

0.140 

0  160 

G 

2.41 

2  67 

0.095 

0.105 

H 
J 

1.70 
048 

1  96 

0  067 

0077 

066 

0.019 

0026 

K 

12.19 

12.95 

D.480 

0.510 

L 

1 .65 

2.03 

0.065 

0  080 

■ 

9.91 

10  16 

0.390 

0400 

0 

3.56 

3.81 

0.140 

0  150 

R 

1.07 

1.75 

0.042 

0.06S 

T 

7.87 

9.14 

0310 

0.360 

CASE  306-04 

TO-202  AC 


3-736 


MDS1678 


ELECTRICAL  CHARACTERISTICS  (TA  «  25°C  unless  otherwise  noted) 


Characteristic 


Symbol 


Typ 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage  (1) 
(lc  =  lOmAdc,  RBE  =  10nl 

BVCER 

66 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE=1mAdc.  lc-0) 

bvebo 

4 

— 

Vdc 

Collector  Cutoff  Current 
(VCB  -  30  Vdc,  lE  -0) 

ICBO 

0.01 

mAdc 

ON  CHARACTERISTICS 

1  

DC  Current  Gain  (2) 

dc  =  500  mAdc,  VcE  =  5  Vdc) 
0c  ■  15  Adc,  Vce  '  5  Vdc) 

nFE 

15 
10 

Collector-Emitter  Saturation  Voltage 
(tc  =  500  mAdc,  \q  =  50  mAdc) 

VcE(sat) 

1 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

cob 

45 

pF 

IVcb  "  1 2  Vdc.  IE  -  0.  f  =  1  MHz) 

Current-Gain -Bandwidth  Product 

(lc  =  100  mAdc,  VCE  -  5  Vdc,  f  -  20  MHz) 

<T 

100 

MHz 

FUNCTIONAL  TEST  (Figure  1) 


Common-Emitter  Amplifier  Power  Gain 

IPout  "  4  W.  VCC  =  12  Vdc,  f  =  27  MHz) 

GpE 

10 

dB 

Output  Power 

(P,n  s  400  mW,  VCC  m  12  Vdc,  f  -  27  MHz) 

pout 

4 

Watts 

Collector  Efficiency  (3) 

(Pout  "  4  W.  VCC  "  1  2  Vdc,  f  =  27  MHz) 

1 

70 

% 

Percentage  Up-Modulation  (4) 
(f  -  27  MHz) 

1  1 

 85  ' 

% 

(2)  Pulse  Test:  Pulse  Width  <: 


„_    RFpout  ... 

(VccTiT^i' 


6  300  ms.  Duty  Cycle  <E  2.0%. 


(3) 

(4  Percentage  Up-Modulation  is  measured  in  the  test  circuit  (Figure  3)  by  setting  the  Carrier  Power  (Pc)  to  4  Watts  with  Vcc  =  1 
noting  the  power  input.  Then  the  Peak  Envelope  Power  (PEP)  is  noted  after  doubling  the  original  power  input  to  simulate  driver 
(at  a  25%  duty  cycle  for  thermal  considerations)  and  raising  the  Vqc  t0  24  Vdc  (to  simulate  the  modulating  voltage).  Pen 


Modulation  is  then  determined  by  the  relation 


raising  1 
Percentage  Up-Modulation  ■ 


2  Vdc  and 
)dulation 
tage  Up- 


[(f),7i-f 


FIGURE  2  -  OUTPUT  POWER  WITH  Vcc  VARIATIONS 


1         1  1 

CIRCUIT  TUNED  S>Vrr  =  24V.P 

n  "  0.2  W 

DUTY 

CYCLE 

25% 
27  MHt 

w  ~ 

  f 

pin  '  0-6 

04 

w 

 0.2 

w  

1  

CI,  Caj-  9.0-180  pF  ARCO  463  or  equivalent 
C3,  C4  -  4.0-80  pF  ARCO  462  or  equivalent 
C5  -  0.02  /iF  ceramic  disc 
C6  -  0.1  juF  ceramic  disc 

RFC1   -  4  turns  #30  enameled  wire  wound  on  farro; 

type  56-590-65/3B 
RFC2  -  26  Turns  #22  enameled  wire  (2  layers-13 

layer)  1/4"  inner  diameter 
L1  -  0.22  /iH  molded  choke 
L2  -  0.68  liH  molded  choke 

FIGURE  3-27  MHz  TEST  CIRCUIT 


(cube  bead 
turns  each 


14  18  22  26 

VCC,  COLLECTOR  SUPPLY  VOLTAGE  (VOLTS) 


3-737 


MJ410 
MJ411 


® 


MOTOROLA 


HIGH  VOLTAGE  NPN  SILICON  TRANSISTORS 

.  .  .  designed  for  medium  to  high  voltage  inverters,  converters, 
regulators  and  switching  circuits. 

•  High  Collector-Emitter  Voltage  - 

VcEO  =  200Vol,s-MJ410 
300  Volts  -  MJ41 1 

•  DC  Current  Gain  Specified  <9>  1 .0  and  2.5  Adc 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  =  0.8  Vdc  @  lC  =  1.0  Adc 


MAXIMUM  RATINGS 


Symbol 

MJ410 

MJ411 

Unit 

Collector-Emitter  Voltage 

vCEO 

200 

300 

Vdc 

Col  lector- Base  Voltage 

vce 

200 

300 

Vdc 

Emitter-Base  Voltage 

vEb 

5.0 

Vdc 

Collector  Current  —  Continuous 
Peak 

'c 

5.0 
10 

Adc 

Base  Current 

■b 

2.0 

Adc 

Total  Device  Dissipation  @  Tc  =  75°C 
Derate  above  75°C 

Pd 

100 

1-33 

Watts 
W/°C 

Operating  Junction  Temperature  Range 

Tj 

-65  to +150 

°C 

Storage  Temperature  Range 

Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

ejc 

0.76 

°C/W 

ELECTRICAL  CHARACTERISTICS  ITC 


Characteristic 


OFF  CHARACTERISTICS 


Col  lector- Emitter  Sustaining  Voltage 
<IC  =  lOOmAdc.  IB  =  0)  MJ410 
MJ411 

vCEOtsus) 

200 
300 

Vdc 

Collector  Cutoff  Current 
(VCE  =  200  Vdc.  I  r  =  0)  MJ410 
(Vce  =  300  Vdc.  1B  »  0)  MJ411 

'CEO 

0.25 
0.25 

mAdc 

Collector  Cutoff  Current 
(VcE  =  200Vdc.VEB(off)  =  1.5Vdc.  MJ410 

TC=  125°C) 
IVCE  =  300  Vdc,  VEB(off t  - 1 .5  Vdc,     MJ41 1 

TC  =  1250C» 

■CEX 

0.5 
0.5 

rnAdc 

Emitter  Cutoff  Current 
IVE8  =  5.0  Vdc.  1C  =  0) 

!E  BO 

5.0 

mAdc 

ON  CHARACTERISTICS 


DC  Current  Gain 
llc-  1.0  Adc.  VCE  -  5.0  Vdc) 
[lC  =  2.5  Adc.  VCE  =  5.0  Vdc) 

"FE 

30 
10 

90 

Collector-Emitter  Saturation  Voltage 
llc  -  1.0  Adc.  IB  -0.1  Adc) 

vCEIsat) 

0.8 

Vdc 

Base-Emitter  Saturation  Voltage 
IIC  -  1.0  Adc.  IB  =0.1  Adc) 

vBEIsat) 

1.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Currem-Gain-Bandwidth  Product 
HC  -200  mAdc,  VCE  ■  10  Vdc. 
f  -  1 .0  MHz) 

<T 

25 

MHz 

5  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 

200-300  VOLTS 
100  WATTS 


21 


n 


STYLE  ): 
PIN  1.  BASE 

2.  EMITTER  NUTt: 
CASE:  COLLECTOR        1.  DIM  "Q"  IS  DIA. 


DIM 

MILLIMETERS 

INCHES 

MIK 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

21.08 

O.B30 

C 

6.36 

7.62 

0.250 

0.300 

D 

0.33 

1,09 

0.033 

0.043 

E 

3.43 

0.135 

F 

29.30 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.  M 

17.15 

0.655 

0.675 

K 

11.18 

12  19 

0.440 

0.400 

0 

3.84 

4.09 

0.161 

0.161 

R 

26.67 

1.050 

CASE  11-01 

TO-3 


3-738 


MJ410,  MJ411 


i  0.05 
0.02 


0.01 

s 


FIGURE  1  —  ACTIVE  REGION  SAFE  OPERATING  AREA 


Secondary  Breakdown  Limited  ■ 
Bonding  Wire  Limited 
Thermal  Limitation  at  Tc  ~  75°C  _ 
Curves  Apply  Below  Rated  VcEO  : 

1=  " 


MJ410  = 
MJ411- 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  secondary  breakdown.  Safe 
operating  area  curves  indicate  lc_vCE  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation,  i.e.,  the  transistor  must  not 
be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tjjpk)  =  150°C;  Tc  is  variable 
depending  on  conditions.  Pulse  curves  are  valid  for  duty  cycles  of 
10%  provided  Tjfpk)^  150°C.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  secondary  breakdown. 


VCE.  COLLECTOR-EMITTER  VOLTAGE  IVOLTSI 


FIGURE  2 -DC  CURRENT  GAIN 


FIGURE  3  -  "ON"  VOLTAGES 


1 00 
70 
SO 

30 
20 


2.0 

—  T 

J  ' 

151 

°C- 

Tj  = 

25° 

: 

16 

IVOLTSI 

1.2 

VrFiut  0  Ir-TR  -  10 

25 

°c 

ic 

IB  = 

10 

1 — Vn 

ITA 

0.8 

-5S°C 

> 

i 

■  A> 

0.4 
0 

K 



0.1  0.2     0.3        0.5  1.0  2.0     3.0  5.0 

IC,  COLLECTOR  CURRENT  (AMP) 


0.1  0.2     0.3      0.6  1.0  2.0     3.0  5.0 

IC,  COLLECTOR  CURRENT  (AMP) 


FIGURE  4  -  SUSTAINING  VOLTAGE  TEST  LOAD  LINE 

5001 — 


VCEOIsus)  ISACCEPTABLE  WHEN 
VCE  >  RATED  VCEO,  AT  Ic  =  100  mA 


MJ410 
'MJ411 
 L 


.10  — — 1 
11  * 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI 


400 


3 


300!! 


iTESTCIRCUIT 


50  mH 
-f — fvvvl — I 


TO  SCOPE 

&  50  V^ 


3-739 


MJ413 
MJ423 
MJ431 


MOTOROLA 


HIGH-VOLTAGE  NPN  SILICON  TRANSISTORS 

.  .  .  designed  for  medium-to-high  voltage  inverters, 
converters,  regulators  and  switching  circuits. 

•  High  Voltage  —  Vc„  =  400  Vdc 

•  Gain  Specified  to  3.5  Amp 

•  High  Frequency  Response  to  2.5  MHz 


10  AMPERE 
POWER  TRANSISTORS 
NPN  SILICON 

400  VOLTS 
125  WATTS 


MAXIMUM  RATINGS 


Symbol 

MJ413 

MJ423 

MJ431 

Unit 

Collector-Emitter  Voltage 

v 

CEX 

400 

400 

400 

Vdc 

Collector  -Base  Voltage 

VCB 

400 

M 

400 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

5.0 

5.0 

Vdc 

Collector  Current  —  Continuous 

'c 

u 

16 

n 

Adc 

Base  Current 

'b 

a.o 

2.0 

2.0 

Adc 

Total  Device  Dissipation  @  T_  =  25"C 
Derate  above  25*C  u 

>D 

135 

1.0 

Witt. 

W/*C 

Operation  Junction  Temperature  Range 

TJ 

-65  to  +150 

•c 

Storage  Temperature  Range 

-65  to  .260 

■c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

8JC 

1.0 

•c/w 

ELECTRICAL  CHARACTERISTICS  <T. .  2S-C 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 


DYNAMIC  CHARACTERISTICS 


Collector- Emitter  Sustaining  Voltage".,, 
(Ic  =  100  mAdc,  Lg  =  0) 

BVCEO(su«) 

325 

Vdc 

Collector  Cutoff  Current 

(VCE.  400  Vdc,  VEB(off).1.5Vd0 

'CEX 

mAdc 

MJ413,  MJ423 
MJ431 

0.  25 
2.5 

0.5 
5.0 

(V^- 400  Vdc,  »EBM-UV*, 
Tc  -  125*0 

MJ413,  MJ423 
MJ431 

mAdc 

Emitter  Cutoff  Current 
(VBE  .  5. 0  Vdc,  Ic  .  0) 

MJ413,  MJ423 
MJ431 

■ebo 

5.0 
2.0 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (11 

Sc  .  0.  5  Adc,  VCE  .  5. 0  Vdc) 

>  •  

MJ413 

hFE 

20 

80 

(Ic-  1.0  Adc,  VCK  -  5.0  Vdc) 

15 

0C  -  1.0  Adc,  VCE  .  5.0  Vdc) 

MJ423 

30 

90 

ac  -  2.  5  Adc.  VCE  .  5. 0  Vdc) 

10 

flc  -  2. 5  Adc,  VCE  .  5. 0  Vdc) 

HJ431 

15 

35 

(Ic  *  3. 5  Adc,  VCE  =  5. 0  Vdc) 

10 

Collector-Emitter  Saturation  Voltage  l<> 
(Ic  .  0.  5  Adc,  Ig  -  0. 05  Adc) 

MJ413 

VCE{sat) 

0.6 

Vdc 

CL.  -  1. 0  Adc,  Ig  >  0. 10  Adc) 

HJ423 

0.8 

0C  -  2. 5  Adc,  lg  -  0.  5  Adc) 

MJ431 

0.7 

Baae-Emltter  Saturation  Volta««lll 
(L..  0.5  Adc,  Ig.  0.05  Adc) 

MJ413 

VBE(sat) 

1.25 

Vdc 

Of.  -  1. 0  Adc,  Ig  -  0. 1  Adc) 
0,.  -  2.  5  Adc,  lg  -  0.  5  Adc) 

MJ423 
MJ431 

1. 25 
1.5 

Current-Gain  —  Bandwidth  Product 

fT 

MHtt 

Qc  -  200  mAdc,  VCE  -  lOVdc, 

l.S 

f-  l.OUHi) 

I1IPW  i  900  urn.  Duty  Cycle  i  2.0% 


STYLE  1 : 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

33.37 

1.550 

1 

21.08 

0  830 

C 

E.35 

7.62 

0.250 

0  300 

0 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0  135 

F 

29.90 

30  40 

1.177 

1  197 

G 

10  67 

11  IB 

0.420 

0.44O 

H 

S.33 

5  5S 

0.210 

0  220 

J 

16.64 

17  15 

0  655 

0  675 

K 

11  IB 

1219 

0.440 

0480 

a 

3.64 

4.09 

0.151 

0.161 

R 

26  61 

1.050 

CASE  11  -01 

T03 


3-740 


MJ413,MJ423,MJ431 


208U 


FIGURE  1  —  ACTIVE-REGION  SAFE-OPERATING  AREA 


FIGURE  2  -  POWER-TEMPERATURE  DERATING  CURVE 


1 

i 

oc 

=J 
o 

s 

a 

I 


1.0  - 


150°C 

.  SECONDARY  BHEMDOWN  LIMITATION 

:  THERMAL  LIMITATION  AT  Tc  - 

(BASE  EMITTER  DISSIPATION  IS 
PERCEPTIBLE  ABOVE  lc 

The  Safe  Operating  Area  Curves  indi 
-  cite Lc-Vciiimtsbelowwhidi the' 


lector  load  lines  for  specific  circuits  must 
fall  within  the  applicable  Sate  Area  to 
•void  causing  a  catastrophic  failure  To 
insure  operation  below  the  maximum  Tj, 
power-temperature  derating  must  be 
observed  for  both  steadv  state  and  pulse 
power  conditions 

J  '  i  i  1 1  in  L 


2.0      4.0  6.0    10      20      40  60    100     200  400 
VCE,  COLLECTOR -EMITTER  VOLTAGE  (VOLTS) 


1000 


0       20  40 


80  100  120  140  160  180  200 
Tc,  CASE  TEMPERATURE  (°C> 


FIGURE  3  -  SUSTAINING  VOLTAGE  TEST  LOAD  LINE 
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c-'M 

*CEO|t.ii) 

Vce  ^  325  V  AT 

WHEN- 
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VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS! 


FIGURE  5 -CURRENT  GAIN 


FIGURE  4  -  SUSTAINING  VOLTAGE  TEST  CIRCUIT 

50  mHy 


3 


H,  RELAY     |  + 

—  6.0  V 


soon 


TO  SCOPE 
1 


200  Si 


FIGURE  6  -  TRANSCONDUCTANCE 


"ll         0.2     0.3       0.5  0.7    1.0  2.0    3.0      5.0    7.0  10 

lc.  COLLECTOR  CURRENT  (AMP) 
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1 

CE 

10 

V 

5° 

T 

j  - 

UK 

Si 

/ 

h 

— 

P 

1 

0.5  1.0  1.5  2.0 

VM,  BASE-EMITTER  VOLTAGE  (VOLTS) 


2.5 


3-741 


MJ802 

® 


HIGH-POWER  NPN  SILICON  TRANSISTOR 


...  for  use  as  an  output  device  in  complementary  audio  amplifiers  to 
100-Watts  music  power  per  channel. 


•  High  DC  Current  Gain  -  hpE  "  25-100  @  Iq  = 


•  Excellent  Safe  Operating  Area 

•  Complement  to  the  PNPMJ4502 


7.5  A 


30  AMPERE 
POWER  TRANSISTOR 

NPN  SILICON 

100  VOLTS 
200  WATTS 


Rating 

Value 

Unit 

Collector-Emitter  Voltage 

VCER 

100 

Vdc 

Collector-Base  Voltage 

VCB 

100 

Vdc 

Collector-Emitter  Voltage 

VCEO 

90 

Vdc 

Emitter-Base  Voltage 

VEB 

4.0 

Vdc 

Collector  Current 

ic 

30 

Adc 

Base  Current 

% 

7.5 

Adc 

Total  Device  Dissipation  @  Tc  -  25°C 

fo 

200 

Watts 

Derate  above  25°C 

1.14 

W/°C 

Operating  and  Storage  Junction 

Tj.  Tjtg 

-65  to  +200 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

0JC 

0.875 

°C/W 

FIGURE  1  -  POWER  TEMPERATURE  DERATING  CURVE 


80  100  120  140 

Tc.  CASE  TEMPERATURE  (»CI 


SEATING 
PLANE 


STYLE  1 : 
PIN  I.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

635 

7  62 

0.250 

0.300 

0 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0  420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

-4-1 

3.84 

0.151 

0.161 

R 

-2T67- 

1.050 

NOTE: 

I.  DIM  "0."  IS  0IA. 


CASE  11-01 
TO-3 


MJ802 

AJOVlOTOtft 


ELECTRICAL  CHARACTERISTICS  (TC  -  25°C 


mm  i mi  it* 

Mm  Max  Unit  [ 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage1'1 
(IC  ■  200  mAdc,  Rbe  =  100  Ohms) 

BVcer 

Collector-Emitter  Sustaining  Voltage  f " 
llc  ■  200  mAdc) 

vCE0(susl 

90 

Vdc 

Collector-Base  Cutoff  Current 
(Vcb  =  '00  Vdc.  IE  -  0) 
(VC8  =  100  Vdc.  IE  -  0.  TC  -  150°CI 

ICBO 

1.0 
5.0 

mAdc 

Emitter-Base  Cutoff  Current 
(VBE  -  4.0  Vdc,  lc  -  0) 

!eBO 

1.0 

mAdc 

ON  CHARACTERISTICS  111 


DC  Current  Gain  HI 

llc  -  7-5  Adc.  VCE  -  2.0  Vdc) 

nFE 

25 

100 

Base-Emitter  "On"  Voltage 

IIC  =  7.5  Adc.  VCE  -2.0  Vdc) 

vBEIonl 

1.3 

Vdc 

Collector-Emitter  Saturation  Voltage 
(IC  -  7.5  Adc.  In  ■  0.75  Adc) 

VCEIsat) 

0.8 

Vdc 

Base  Emitter  Saturation  Voltage 
(lc-  7.5  Adc.  IB  =  0.75  Adc) 

vBEIsatl 

13 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 

IIC  -  1-0  Adc.  VCE  =  10  Vdc.  f  -  1.0  MHz) 

«T 

2.0 

MHz 

Pulse  Test    Pulse  Widths  300  us.  Duty  Cycle  52.0%. 


FIGURE  2  -  DC  CURRENT  GAIN 


FIGURE  3  -  "ON"  VOLTAGES 


J 

■  175" 

V 

; 

2.0 

F=Ff 

25°C 

/  - 

ES4C 

Da 

las 

a 

w 

i  is 

at 

ta 

n 

e 

i 

torn 

1 

julse 

e 

ts 

and  adjusted  to  nullify  effect  of  1 CBO 

i   >i  i  i  II 

I  0.05     0.1      0.2  0.3    0.5      1.0      2.0  3.0   6.0      10      20  30 
IC.  COLLECTOR  CURRENT  (AMP) 


I  0.06    0.1      0  2  0.3   0.5      1.0      2.0  3.0   5.0      10       20  30 
IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  4  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


3.0  5.0  10  20  30 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 
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MJ900,  MJ901  PNP 


® 


MEDIUM-POWER  COMPLEMENTARY 
SILICON  TRANSISTORS 

...  for  use  as  output  devices  in  complementary  general  purpose 
amplifier  applications. 

•  High  DC  Current  Gain  -  hp£  =  6000  (Typl  @  lc  =  3.0  Adc 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistors 


MAXI 


MUM 


RATINGS 


Rating 

Symbol 

MJ900 
MJ1000 

MJ901 
MJ1001 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

vEB 

5.0 

Vdc 

Collector  Current 

ic 

8.0 

Adc 

Base  Current 

IB 

0.1 

Adc 

Total  Device  Dissipation  @Tc  =  25°C 
Derate  above  25°C 

I'D 

90 
0.515 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-55  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R»jc 

1  94 

°c/w 

FIGURE  1  -  DARLINGTON  CIRCUIT  SCHEMATIC 


PNP 
MJ900 
MJ901 


NPN  Collector 


I  1-VVV-l-vW- 


MJ1000 
MJ1001 


< 


8.0  AMPERE 
DARLINGTON 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 


60-80  VOLTS 
90  WATTS 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.560 

■ 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.18 

0.440 

0.480 

n 

3.84 

4.09 

0.151 

0.161 

R 

26.67 

1.060 

Collector  connected  to  c 
CASE  11-01 
(TO-3) 


STYLE  1 : 
PIN  1.  BASE 

2.  EMITTER  NOTE: 
CASE:  COLLECTOR  I.  DIM  "Q"  IS  DIA. 
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MJ900,  MJ901  PNP/MJ1000,  MJ1001  NPN 

ELECTRICAL  CHARACTERISTICS  (Tc  '  25°C  unless  otherwise  noted)  


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltege  11) 

llc-  lOOmAdc,  lB  -01                                MJ900.  MJ1000 
MJ90I.MJ1001 

BVCEO 

60 
80 

Vdc 

Collector  Emitter  Leakage  Current 

(VCB  =  60Vdc.  RBE  =  1  Ok  ohm!                    MJ900,  MJ100C 
(Vcb  -80  Vdc.  Rbe  =  1.0k ohm)                    MJ901.  MJ1001 
(VCR  =  60  Vdc.  R8e  =  1  0kohm.Tc=  150°CI   MJ900.  MJ100C 
IVC8-80Vdc,RBE  -  1  0kohm,Tc.  150°CI   MJ901 .  MJtOOt 

ICER 

1.0 
1.0 
.  5° 
50 

mAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc.  IC  =  01 

'EBO 

 1 

2.0 

mAdc 

Collector-Emitter  Leakage  Current 
(VCE-30Vdc.  IB-0I  MJ900.MJ100C 
IVCE  -  40  Vdc.  IB  •  01  MJ901.MJ1001 

'CEO 

500 
500 

uAdc 

ON  CHARACTERISTICS 


DC  Current  Gainll) 
(tC  =  3.0  Adc,  Vce  "  3.0  Vdc) 
(lC  =  4  0  Adc,  VCE  =  3.0  Vdc) 

Collector  Emitter  Saturation  VoltageH  ) 
(IC  -  3.0  Adc,  lB  =  12  mAdc) 
(lC  =8.0  Adc.  IB  =  40  mAdc) 


hFE 


750 


vce  isao 


Vdc 


— 


Base-Emitter  Voltaged) 
He  =  3  0  Adc.  VCE  =  3.0  Vdc) 


HJPulseTest    Pulse  Width  <  300  us.  Dutv  Cycle<2.0%. 


FIGURE  2  —  DC  CURRENT  GAIN 


FIGURE  3  -SMALL-SIGNAL  CURRENT  GAIN 


0.1      0.2        0.5     1.0  2.0 
lC.  COLLECTOR  CURRENT  (AMP) 
FIGURE  4  -  "ON"  VOLTAGES 


)04  10* 
I,  FREQUENCY  (Hi) 
FIGURE  5  —  DC  SAFE  OPERATING  AREA 


106 


10 

7.0 
£  5.0 

|  3.0 
|  2.0 

cc 

!  10 
o 

t  0.7 

^  05 

o 

5 03 

0.2 


0.01     0.02       0.05  0.1 


IC,C0LLECT0RCURRENT(AMPI 
There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  secondary  breakdown. 
Safe  operating  area  curves  indicate  Iq-VcE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  e.g.,  the  transistor 


-T 

J  ' 

200°C  " 

"! 

S 

V 

 1 

SECONDARY  BREAKDOWN  LIMITATION  ~V 

fHERMAL  LIMITATION  I?  Tr.  ■  25°C 

i 

*UII\ 

i  n 

LI 

I       I      1  1 
■          »  ionn  it  1 1  nnn  — 

.  1 

J901.MJ1C 

i 

Mil 

\ 

\ 

I. 


2.0 


5.0    7.0  10 


20 


50    70  100 


VCE.  COLLECTOR  emitter  VOLTAGE  IV0LTS) 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than  the  li 
posed  by  secondary  breakdown. 
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MJ2500,  MJ2501  PNP 
MJ3000,  MJ3001  NPN 


(M)  MOTOROLA 


MEDIUM-POWER  COMPLEMENTARY 
SILICON  TRANSISTORS 


...  for  use  as  output  devices  in  complementary  general  purpose 
amplifier  applications. 


•  High  DC  Current  Gain  -  hpg  =  4000  (Typ)  @  lc  =  5.0  Adc 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistors 


10  AMPERE 
DARLINGTON 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

60-80  VOLTS 
150  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ2500 

MJ2501 

MJ3000 

MJ3001 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

SO 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

5  0 

Vdc 

Collector  Current 

ic 

10 

Adc 

Base  Current 

'B 

0.2 

Adc 

Total  Device  Dissipation  <s>  Tc  ■  25°C 

<"0 

150 

Watts 

Derate  above  25°C 

0.857 

W'°C 

Operating  and  Storage  Junction 

TJTstg 

-55  to  +200 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

OJC 

1.17 

°C/W 

PNP 
MJ2500 
MJ2501 


FIGURE  1  -  DARLINGTON  CIRCUIT  SCHEMATIC 

Collector 


NPN 

MJ3000 
MJ3001 


Collector 

o 


»2.0k 
-VAr- 


»50 


*2.0k 


< 


*50 





STYLE  1 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

1 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

■ 

26.67 

1.050 

0 

2.54 

3.05 

0.100 

0.120 

CASE  1-1 


NOTES: 

I.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
REFERENCED  TO  3  OUTLINE  SHALL  APPLY. 
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MJ2500,  MJ2501  PNP/MJ3000,  MJ3001  NPN 


ELECTRICAL  CHARACTERISTICS  (Tc  =  26°C  unless  otherwise  noted) 


Characteristic 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage(l) 

(lc  -  100  mAdc.  IB  =  0)                                 MJ2500,  MJ3000 
MJ2501.MJ3001 

BVcEO 

60 
80 

Vdc 

Collector  Emitter  Leakage  Current 
(VCB-60Vdc.  RBE  -  1.0k  ohm)                     MJ2500,  MJ3000 
IVCB-80Vdc,  RBE      Ok  ohm!                     MJ2501 ,  MJ3001 
I VCB  - 60  Vdc,  RBE  -  1 .0 k ohm,  Tc  -  1 50°C)     MJ2500.  MJ3000 
1 VCB  -  80  Vdc.  RBE  -  1 .0  k ohm.  TC  -  1 50°CI     MJ2501 .  MJ3001 

- 

1.0 
1.0 
5.0 
5.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc.  IC-0I 

'ebo 

2.0 



mAdc 

Collector-Emitter  Leakage  Current 

IVCE  »  30  Vdc.  IB  -  0!                                  MJ2500,  MJ300 
(VCE  ■  40  Vdc.  1 B  -  0]                                  MJ2501 .  MJ300 

0 
1 

'CEO 

_ 

_ 



1.0 
1.0 

mAdc 

ON  CHARACTERISTICS  ID 

DC  Current  Gain 
lie  =  5.0  Adc.  VCE  =  3.0  Vdc) 

hfE 

1000 

- 

- 



Collector-Emitter  Saturation  Voltage 
0c  =  5.0  Adc.  IB  =  20  mAdc) 
dc  =  10  Adc,  lB  =  50  mAdc) 

VcElsa.) 

_ 

2.0 
40 

Vdc 

Base-Emitter  Voltage 

vBE 

3.0 

Vdc 

llc  =  5.0  Adc,  VCE  =  3.0  Vdc) 

Pulse  Width  £300*is.  Durv  Cvcle<2.0% 


FIGURE  2  —  DC  CURRENT  GAIN 


FIGURE  3  -  SMALL-SIGNAL  CURRENT  GAIN 


£  2000 
I  1000 
=  500 

p  2oo 

100 


~-  150° 

-IJ 

—  25°( 

Jc  - 

3.0 

V 

li 

l 

-VCE 

01  0.02 

0.05 

0.1  0.2 

0.5 

.0  2.0 

5.0 

1 

IC,  COLLECTOR  CURRENT  (AMP) 
FIGURE  4  -  "ON"  VOLTAGES 


S     0.1      0.2        0.5      1.0  2.0 
IC,  COLLECTOR  CURRENT  (AMP) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  secondary  breakdown.  Safe 
operating  area  curves  indicate  Ic-Vce  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  e.g.,  the  transistor  must 


104  10! 
f,  FREQUENCY  (Hz) 
FIGURE  5  —  DC  SAFE  OPERATING  AREA 


\ 

jclui ludi y  DitjaKuuwii  Limuea 

—  —  —  inermany  Limited  at  lc  =  «UC 

—  -—  -  Bonding  Wire  Limited 



MJ2500, 

MJ300 

1  — 

Tj 

=  200° 

c 

MJ2501,  MJ300 
1 

— 

1.0  2.0     3.0       5.0    7.0     10  20     30        50     70  100 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 

not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than  the  limitations 
imposed  by  secondary  breakdown. 
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NPN  SILICON  HIGH-VOLTAGE  TRANSISTORS 

.  .  .  designed  for  TV  horizontal  and  vertical  deflection  amplifier 
circuits. 

•  High  Collector-Emitter  Sustaining  Voltage  — 

VCEO(sus)  =  250Vdc(Min}  MJ3029 
325  Vdc  (Min)  MJ3030 

•  Fast  Fall  Time  in  Horizontal  Deflection  — 

tf  =  1.0ns(Max)@Vcc  =  80  Vdc  -  MJ3030 

•  Excellent  Gain  Linearity  for  Vertical  Deflection  — 

hfe@0.4  Adc,hfe@ 0.3  Adc  =  0.95  (Mini  -  MJ3029 


5  AMPERE 
POWER  TRANSISTORS 
NPN  SILICON 

250-325  VOLTS 
125  WATTS 


MAXIMUM  RATINGS 





— 


Rating 

Symbol 

MJ3029 

MJ3030 

Unit 

Collector-Emitter  Voltage 

vCEO 

250 

325 

Vdc 

Collector-Emitter  Voltage 

VCER 

500 

Vdc 

Collector-Emitter  Voltage 

VCEX 

700 

Vdc 

Emitter-Base  Voltage 

VEB 

5 

0 

Vdc 

Collector  Current  —  Continuous 

ic 

50 

Adc 

Base  Current 

is 

10 

Adc 

Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

PD 

125 
1.0 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj,TStg 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 


Thermal  Resistance.  Junction  to  Case 


Symbol 


8JC 


FIGURE  1  -  POWER  TEMPERATURE  DERATING  CURVE 


>0WER  DISSIPATION  (WATTS) 

0 




50        75        100  125 
Tc.  CASE  TEMPERATURE  (»C) 





NOTES: 

1   DIMENSIONS  0  AND  V  ARE  DATUMS. 

2.  ED  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q: 

|  »  |  >.13  (0.005)®  1  T  |v©  | 


[  ♦  |  ».13(0.005I©T  I  V®  I  0®| 

4.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  Y14.5,  1973. 


BASE 

EMITTER 

COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.D43 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15  BSC 

1.187  BSC 

G 

10.92  BSC 

U  430  BSC 

H 

5.46  BSC 

0.215  BSC 

J 

16  89  BSC 

0.665  BSC 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.81 

4.19 

0.150 

0  163 

R 

26.67 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0  150 

0.165 

3-748 


MJ3029,  MJ3030 


ELECTRICAL  CHARACTERISTICS  <TC  -  25°C  unless  otherwise  noted) 


1  bZ 


OFF  CHARACTERISTICS 


Colleciof  Emitter  Sustaining  Voltage  Ml 

tlc  =  0.1  Adc,  lB  =  01  MJ3029 

MJ3030 

vCE0<sus> 

250 
325 

Vdc 

Collector  Cutoff  Current 

( VCE  =  500  Vdc.  H6E  -  1.5  k  Ohms)  MJ3029 

'  CE  R 

1.0 

Collector  Cutoff  Current 

<VCE  -  700  Vdc.  VEB(off]  =  1-5  Vdc)  MJ3030 

2.0 

ON  CHARACTERISTICS 

DC  Currant  Gain 

(IC  =  0.3  Adc,  Vce  =  5.0  Vdc)(1>  MJ3029 
|1C  =  0.4  Adc,  VCE  =  5.0  VdcJdl  MJ3029 

"FE1 
hFE2 

25 
30 

Gain  Linearity 

MJ3029 

hFE  2 
hFE  1 

0.95 

Collector-Emitter  Saturation  Voltage 

IIC  =  3,0  Adc,  lB  =  0.8  Adc)  MJ3030 

VCE(sat) 

2.0 

Vdc 

SWITCHING  CHARACTERISTICS 

Fall  Time 

(VCc"80Vdc,lc  =  3.0Adc.lB1  =  0.8  Add  Figure3  MJ3030 

»f 

1.0 

T 

(DPulW  T«t     Pulm  Width  <300  J«.  Duty  Cycle  S2.0W. 

FIGURE  2  —  DC  CURRENT  GAIN 


FIGURE  3  -  TEST  FOR  FALL  TIME 


150jiF 


TO 

SCOPE 


0.1  0.2     0.3       0.5   0.7     1.0  2.0  3.0 

lfc  COLLECTOR  CURRENT  (AMP) 


5.0    7.0  10 


I— -tf  measured  from  10%  to  90% 

*HP  212A:  Set  for  10     wide  pulses  at  2000  pulses  per  sec. 
(500  us  intervals).  Adjust  for  Iri  =  0.8  A. 
Bias:  Adjust  to  1.5  V  on  a  VTVM  across  the  200  H  Pot. 
T;  Pulse  Transformer:  Motorola  Part  No.  25D68782A01. 


FIGURE  4  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


20      30        50    70     100  200      325     500  700  1000 

vce.  collector-emitter  voltage  {volts) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq  —  Vce  'iiwitt  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  4  is  based  onTj(p^)  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)^  150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown. 
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MJ3040 

MJ3041  /Xa\ 
MJ3042  V^V 


HIGH  VOLTAGE  SILICON  POWER 
DARLINGTONS 

.  .  .  developed  for  line  operated  amplifier,  series  pass  and  switching 
regulator  applications. 


Collector-Emitter  Sustaining  Voltage  - 

vCEO(sus)  =  300  Vdc  (Mini  -  MJ3040,  MJ3041 
=  350  Vdc  (Mini  -  MJ3042 
High  DC  Current  Gain  — 

hp£  =  100  (Mini  @  lC  =  2  5  Adc  -  MJ3040 

=  250  (Mini  @  lC  =  2.5  Adc  -  MJ3041,  MJ3042 
Low  Collector-Emitter  Saturation  Voltage  - 

vCE(sat)  "  2.2  Vdc  (Max)  @  lc  =  2.5  Adc 
Monolithic  Construction  with  Built-in 

Base  Emitter  Shunt  Resistors 


MAXIMUM  RATINGS 


Rating 


Collector-Base  Voltage 


Collector-Emitter  Voltage 


Emitter-E 


;  Voltage 


Collector  Current  - 


Continuous 
Peak  (1) 


Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol    MJ3040    MJ3041  MJ3042 


VCB 


VCEO 


VEB 


Tj,  T„ 


■  10 

■  15 


-175  ■ 
-  1.0  ■ 


THERMAL  CHARACTERISTICS 


Watts 
W/°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

"ojc 

1.0 

°c/w 

( 1 1  Pulse  Width  ■  5.0  ms.  Duty  Cycle  <=  1 0%. 


DARLINGTON  SCHEMATIC 


DARLINGTON 
10  AMPERE 
POWER  TRANSISTORS 
NPN  SILICON 

300.  350  VOLTS 
175  WATTS 


STYLE  1 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

1250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.80 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

6.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.676 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

U 

2  54 

3.05 

0.100 

0  120 

NOTES: 

1.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
REFERENCED  TO-3  OUTLINE  SHALL  APPLY. 
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MJ3040,  MJ3041,MJ3042 


ELECTRICAL  CHARACTERISTICS   ITC  -  25°C  unless  otherwise  noted  I 


ft  <>;*  I UR 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
<IC  -  lOOmAdc,  lB  ■  01                           MJ3040.  MJ3041 

MJ3042 

vCEO(sus) 

300 

: 

Vdc 



Collector  Cutoff  Current 

IVCb  =  400  Vdc.  IE  -  0)                          MJ3040.  MJ3041 
(  Vqb=  500  Vdc,  lg  =  0)  MJ3042 
|  Vcfj  ~  400  Vdc,  lE  =  0.  Tc  =  100°CI         MJ3040,  MJ3041 
(  VCB  =  500  Vdc]  lE  =  6.  TC  =  100°C)  MJ3042 

!CBO 

- 

10 

1.0 
5  0 
5.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  -  5  0  Vdc.  Ic  ■  01 

lEBO 

40 

mAdc 

ON  CHARACTERISTICS 



'*  f  ■ 

DC  Current  Gain 
llc  =  2  5  Adc,  VCE  =  5.0  Vdcl  MJ3040 

MJ3041.  MJ3042 

(lc  «  5.0  Adc,  VCE  =  5.0  Vdcl  MJ3040 

MJ3041.  MJ3042 

nFE 

100 
250 
25 
50 



Collector-Emitter  Saturation  Voltage 

vCE(satl 

Vdc 

He  ■  2.5  Adc.  IB  -  50  mAdcl 

2.2 

He  »  5.0  Adc.  IB  ■  400  mAdc) 

2.5 

Base-Emitter  Saturation  Voltage 
Uc  =  5.0  Adc.  IB  =  400  mAdcl 

vBEIsatl 

3.0 

Vdc 

Base-Emitter  On  Voltage 

vBE(onl 

Vdc 

(lc  =  2.5Adc.  VCE  =5.0  Vdc) 

2.5 

FIGURE  1  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


FIGURE  2  -  DC  CURRENT  GAIN 


20 

C  10 
X 

S  5 

I  2 
<=  1 

l" 

^  0  1 


001 
0  005 


 BONDING  WIRE  LIMIT 

 THERMAL  LIMIT  (SINGLE  PULSE) 

  SECOND  BREAKDOWN  LIMIT 


10  20      30         50     70     100  200 

VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


500 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  —  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  I  c  —  Vqe  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  Figure  1  is  based  on  Tjfpjd  =  150°C;  Tq  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal  limi- 
tations will  reduce  the  power  that  can  be  handled  to  values  less 
than  the  limitations  imposed  by  second  breakdown. 


33       05    07      1  2  3 

IC.  COLLECTOR  CURRENT  IAMP) 


MJ3248 

MJ4247 
MJ4248 


TO-3 


MJ4237 
MJ4238 


® 


COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

.  .  designed  for  use  as  high-frequency  drivers  in  audio  amplifiers. 

•  DC  Current  Gain  Specified  to  4.0  Amperes 

hFE  7  40  (Min)  @  lc  =  3.0  Adc 
=  20  (Min)  @  lc  =  4.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  - 

=  120  Vdc  (Min) 
1  =  150  Vdc  (Min) 
High  Current  Gain  -  Bandwidth  Product 
fT  =  20  MHz  (Min)  @  lc  =  500  mAdc 


vCEO(sus)  ! 


FIGURE  1  -  POWER  DERATING 


J"03 

T 

8  AMPERE 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 


120-150  VOLTS 
75  WATTS  -  TO-66 
90  WATTS  -  TO-3 





RATING 

Symbol 

MJ4247 
MJ4237 
MJ3247 
MJ3237 

MJ4248 
MJ4238 
MJ3248 
MJ3238 

Unit 

Collector-Emitter  Voltage 

VCEO 

120 

150 

Vdc 

Collector-Base  Voltage 

VCB 

120 

150 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  -  Continuous 
Peak 

'c 

8.0 
16 

Adc 

Base  Current  —  Continuous 

'B 

2.0 

Adc 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-Tstg 

-65  to  +150 

°C 

TO-3 

TO-66 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

PD 

90 
0.51 

75 
0.43 

Watts 
W  °C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

TO-3 

TO-66 

Unit 

Thermal  Resistance,  Junction  to  Case 

BflJC 

1.94 

2.33 

°c/w 

25         50        75        100       125        150        175  200 
TC.  CASE  TEMPERATURE  <°C> 


MJ4247 
MJ4248 


MJ4237 
MJ4238 


oim 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39  11 

1  550 

B 

?1  08 

:j  330 

E 

6  35 

■  62 

0.250 

0  J00 

0  99 

1  09 

0  039 

0  043 

£ 

3*3 

0-35 

F 

29.90 

30  40 

i.m 

:  is; 

G 

-r 

It.tt 

0  i?P 

.;.  14G 

H 

5  33 

5  59 

021D 

o 

J 

:  r.  !,i 

11  15 

QE55 

(1675 

K 

II  IS 

1?  19 

n  w 

I!  4 HO 

<1 

184 

4  0<J 

0  151 

1)  161 

H 

26  6/ 

'  050 

STYLE  1 

PIN  1  BASE 

2.  EMITTER 
CASE  COLLECTOR 


ColMciQf  connKtfd  lc 
CASE  11  01 
I  TO  31 


MJ3247 
MJ3248 


MJ3237 
MJ3238 


SEATING  PLANE 


DM 

MILLIMETERS 

INCHES 

MIN 

MA  X 

MIN 

MAX 

ft 

11.94 

12  10 

0.470 

0  500 

t 

6  35 

8  64 

!>  ;.rjD 

il  »i.i 

0 

0  71 

0  86 

n  1  ]i 

E 

1  27 

1  31 

■■  i  =  j 

3  075 

f 

.'1  33 

?J  J] 

D  55B 

C 

4B3 

5  33 

0  190 

0  210 

H 

241 

2  67 

.  yr- 

0  105 

J 

14  48 

14  19 

■5-.: 

0  590 

K 
P 

9  14 

0.360 

I  V 

0  050 

4 

3.6! 

3  Y,X, 

0  142 

C  152  1 

s 

i  "SMI 

T 

— 

3  Oil 

V 

15  75 

STYLE  1: 
PIN  1  BASE 

2  EMITTER 
CASE  COLLECTOR 


3-752 


NPN  MJ3247,  MJ3248,  MJ4247,  MJ4248 
PNP  MJ3237,  MJ3238,  MJ4247,  MJ4238 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic                                                     Symbol                  Min                Max  Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  111 

llc  -  10  mAdc,  lB  =  0)  MJ4237.  MJ4247,  MJ3237.  MJ3247 
MJ4238.  MJ4248,  MJ3238.  MJ3248 

vCEO(sus) 

120 
150 

Vdc 

Collector  Cutoff  Current 

(VCE  -  120  Vdc,  lB  -  01  MJ4237,  MJ4247,  MJ3237,  MJ3247 
(VCE  -  150  Vdc,  lB  -  0)  MJ4238,  MJ4248,  MJ3238,  MJ3248 

'CEO 

0.1 
0.1 

mAdc 

Collector  Cutoff  Current 

(VCB  -  120  Vdc,  lE  =  01  MJ4237,  MJ4247,  MJ3237,  MJ3247 
(VCB  =  150  Vdc,  lE  -  01  MJ4238,  MJ4248,  MJ3238,  MJ3248 

'CBO 

10 
10 

MAdc 

Emitter  Cutoff  Current 
IVBE  ■  5.0  Vdc,  lc  =  01 

'ebo 

10 

MAdc 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 

(lc  =  0.1  Adc,  VCE  =  2.0  Vdcl 
(lc  *  2.0  Adc,  VCE  -  2.0  Vdcl 
(lc  -  3.0  Adc,  VCE  -  2.0  Vdcl 
(lc  *  4.0  Adc,  VCE  -  2.0  Vdcl 

hFE 

40 
40 
40 

20 

DC  Current  Gain  Linearity 

(VCE  From  2.0V  to  20V,  lc  From  0.1  A  to  3AI 
(NPN  TO  PNPI 

"FE 

Typ 

2 

3 

Collector-Emitter  Saturation  Voltage 
(lc  -  1.0  Adc,  lB  -  0.1  Add 

vCE(sat) 

0.5 

Vdc 

Base-Emitter  On  Voltage 

(lc  ■  1.0  Adc,  VCE  -  2.0  Vdcl 

vBE(onl 

1.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product  (2) 

(lc  a  500  mAdc,  VCE  -  10  Vdc,  f,est  -  10  MHz) 

h 

20 

MHz 

OIPulseTest:  Pulse  Width  <  300  us.  Duty  Cycle  <  2.0%. 
(2lfT-  |hfe|.ftest 
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NPN  MJ3247,  MJ3248,  MJ4247,  MJ4248 
PNP  MJ3237,  MJ3238,  MJ4247,  MJ4238 


FIGURE  4  -  THERMAL  RESPONSE  (TO-66) 


2.0    30      5.0   7.0  10 
l.TIMEImsl 


FIGURE  5  -  THERMAL  RESPONSE  (TO-31 


FORWARD  BIAS  SAFE  OPERATING  AREA 


FIGURE  6  -  MJ3237,  38/MJ3247.48 


1.5  3.0       5.0  10  20  50  100  150 

VCE,  COLLECTOR  -  EMITTER  VOLTAGE  IVOLTS) 


FIGURE  7  -  MJ4237.  38/MJ4247.  48 


1.5  2.0  5.0  10  20  50  100  150 

VCE.  COLLECTOR  -  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  VCE  limits  of  the  transis- 
tor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves 


Second  breakdown  puise  limits  are  valid  for  duty  cycles  to 
10%.  At  high  case  temperatures,  thermal  limitations  may  reduce 
the  power  that  can  be  handled  to  values  less  than  the  limitations 
imposed  by  second  breakdown. 
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NPN  MJ3247,  MJ3248,  MJ4247,  MJ4248 
PNP  MJ3237,  MJ3238,  MJ4247,  MJ4238 
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MJ4030,  MJ4031,  MJ4032  PNP 
MJ4033,  MJ4034,  MJ4035  NPN 


® 


MEDIUM-POWER  COMPLEMENTARY 
SILICON  TRANSISTORS 


...  for  use  as  output  devices  in  complementary  general  purpose 
amplifier  applications. 

•  High  DC  Current  Gain  -  hpE  =  3500  (Typ)  @  lc  =  10  Adc 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistor 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ4030 
MJ4033 

IVU4031 
MJ4034 

MJ4032 
MJ4035 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

80 

100 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current 

>C 

16 

Adc 

Base  Current 

Ib 

0.5 

Adc 

Total  Device  Dissipation  @Tc  =  25°C 
Derate  above  25°C 

Pd 

150 

0.857 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-55  to  +200 


°C 

THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance.  Junction  to  Case 


OJC         I  1-1 


Max 


PNP 
MJ4030 
MJ4031 
MJ4032 


FIGURE  1  —  DARLINGTON  CIRCUIT  SCHEMATIC 


NPN 
MJ4033 
MJ4034 
MJ4035 


16  AMPERE 

DARLINGTON 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

60-100  VOLTS 
150  WATTS 


A 


STYLE  1 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

21.08 

0.830 

C 

6  35 

7.62 

0.250 

0.300 

0 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

GT10.67     11.18  0.420 

0.440 

H  1   5.33  1    5.59  1  0.210 

0.220 

J 

16.64  1  17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

U 

2.54 

3.05 

0.100 

0.120 

NOTES: 

1.  ALL  RULES  AND  NOTES  ASSOCIATEO  WITH 
REFERENCED  TO  3  OUTLINE  SHALL  APPLY, 
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MJ4030,  MJ4031,  MJ4032  PNP/MJ4033,  MJ4034,  MJ4035  NPN 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  uniessoiherw.se  noted) 


Characteristic 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  VoltageU  I 
[1C  =  lOOmAdc,  lB  =  0) 


MJ4030, 
MJ4031, 
MJ4032. 


MJ4033 
MJ4034 
MJ4035 


BVCEO 


Collector  Emitter  Leakage  Current 

I  Vcb  *  60  Vdc.  RBE  =  1 .0  k  ohm)  MJ4030. 

1Vcb  =  80  Vdc.  Rbe  =  1  Ok  ohm)  MJ4031. 

(VCB  "  100  Vdc,  RBE  =  1  0  k  ohm)  MJ4032. 

|VCB  =  60  Vdc,  RBe  =  1 .0  k  ohm,  TC  =  150°C)  MJ4030. 

1VCB  =  80  Vdc,  RBE  =  1  Ok  ohm.  TC  -  150°C)  MJ4031. 

(VcB  =  100  Vdc.  R6E  =  1.0  k  ohm,  Tc  -  150°C)  MJ4032, 


MJ4033 
MJ4034 
MJ4035 
MJ4033 
MJ4034 
MJ4035 





5.0 
5.0 


 50  m7d7 


itter  Cutoff  Curr 
(VBE  =  5  0  Vdc.  IC  =  0) 


Collector-Emitter  Leakage  Current 

IVCE  =  30  Vdc.  I  B  =  0)  MJ4030.  MJ4033 

IVCE  =  40  Vdc.  1 B  =  0)  MJ4031 ,  MJ4034 

(VCE  =  50  Vdc.  IB  ■  0)  MJ4032.  MJ4035 


30 
30 


ON  CHARACTER1STICSI1) 


DC  Current  Gain 

llc  =  10  Adc.  VCE  ■  3.0  Vdc) 

m 

1000 

Collector-Emitter  Saturation  Voltage 
1)C  =  10  Adc.  1 B  =  40  mAdc) 
(IC  "  16  Adc,  lB  ■  80  mAdc) 

vCEIatl 

2.5 
4.0 

Vdc 

Base-Emitter  Voltage 

(lc  =  10  Adc.  Vce  ■  3.0  Vdc) 

30 

Vdc 

niPulieTasi:  Pulse  Width  <;  300  K*.  Doty  Cycle  £2  0% 


FIGURE  2  -  DC  CURRENT  GAIN 


FIGURE  3  —  SMALL-SIGNAL  CURRENT  GAIN 


0.02       0.05     0.1       0.2         0.5       1.0       2.0         5.0       10  20 
lr.  COLLECTOR  CURRENT  IAMP) 

FIGURE  4  -  "ON"  VOLTAGES 


I03 


uf! 


f,  FREQUENCY  (Hz) 


3.5 

3.0 

_  2.5 
i — 

1  20 

2  1.5 


25" 

-Tj  = 

1 

C/lB  = 

!5 

? 

r  VflE  i°> 

v 

:e 

3.0  Volt 

I 

2! 

Lt 

IS3U  «■  \\j 

'a  - 

0 

t 

FIGURE  5  -  DC  SAFE  OPERATING  AREA 


0.5 
0 

0.02      0.05     0.1  0  5      1.0  5.0      10  20 

IC.  COLLECTOR  CURRENT  (AMP) 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  secondary  breakdown. 
Safe  operating  area  curves  indicate  lc~vCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  e.g.,  the  transistor 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than  the  limitations  im- 
posed by  secondary  breakdown. 
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MJ4502 


nlbn-rUWtH  rNr  oILIUUN  I  KArMalo  I  UK 


...  for  use  as  an  output  device  in  complementary  audio  amplifiers 


to  100-Watts  music  power  per  channel. 


•  High  DC  Current  Gain  -  hpg  "  25-100  @  lc  =  7.5  A 

•  Excellent  Safe  Operating  Area 


Complement  to  the  NPN  MJ802 


30  AMPERE 
POWER  TRANSISTOR 

PNP  SILICON 

100  VOLTS 
200  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCER 

100 

Vdc 

Collector-Base  Voltage 

VCB 

100 

Vdc 

Collector-Emitter  Voltage 

VcEO 

90 

Vdc 

Emitter-Base  Voltage 

VEB 

4.0 

Vdc 

Collector  Current 

ic 

30 

Adc 

Base  Current 

IB 

7.5 

Adc 

Total  Device  Dissipation  @Tc  =  25°C 
Derate  above  25°C 

Po 

200 
1.14 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tjtg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

»JC 

0.875 

°c/w 

FIGURE  1  -  POWER-TEMPERATURE  DERATING  CURVE 


80  100  120 

TC,  CASE  TEMPERATURE  l»CI 


STYLE  1 : 
PIN  1.  BASE 

2.  EMITTER  NOTE: 
CASE:  COLLECTOR  1.  DIM  "Q"  IS  DIA. 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

a 

21.08 

0.830 

c 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

1  !  18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0  655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

0.161 

R 

26.67 

- 

1.050 

CASE  11-01 
TO-3 

3-758 


MJ4502 


ELECTRICAL  CHARACTERISTICS  (Tc  »  25°C  unless  otherwise  noted) 


mm 

uii.i 


Characteristic 

Symbol 

Min 

MM 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage'1' 
dc  =  200  mAdc.  RBE  =  100  Ohms) 

BVCER 

100 

Vdc 

Collector-Emitter  Sustaining  Voltage  1  ' 
(lc  -  200  mAdc) 

vCEO(susl 

90 

Vdc 

Collector-Base  Cutoff  Current 
IVCB  =  100  Vdc.  IE»0> 
IVCB  -  100  Vdc,  lE  =  0.  TC  -  150°CI 

'CBO 

1.0 

5.0 

mAdc 

Emitter-Base  Cutoff  Current 
(VBE  -  4.0  Vdc,  lc  -  0) 

'EBO 

10 

mAdc 

ON  CHARACTERISTICS  111 

DC  Current  Gain 

(lc  ■  1*  Adc,  VCE  -  2.0  Vdc) 

nFE 

25 

100 

Base-Emitter  "On"  Voltage 

dC  ■  7  5  Adc,  VCE  ■  2.0  Vdcl 

vBE(onl 

1.3 

Vdc 

Col'ector -Emitter  Saturation  Voltage 
dC  "  7.5  Adc,  In  ■  0.75  Adc) 

VcE(sat) 

08 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  -  7.5  Adc,  le  -  0.75  Add 
1  



vBE(satl 

1.3 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current  Gain  -  Bandwidth  Product 

<T 

2.0 

MHz 

(lc  =  1.0  Adc,  VCE  "  10  Vdc.  f  -  1.0  MHz) 

M>  Pulse  Test:  Poise  Widths  300  /is.  Duty  Cycle  52.0%. 
FIGURE  2  —  DC  CURRENT  GAIN 


FIGURE  3  -  "ON"  VOLTAGES 


1.03  0.05     0.1       0.2  0.3    0.5      1.0       2.0  3.0    5.0       10  20 
IC,  COLLECTOR  CURRENT  (AMP) 


0.03  0.05    0.1      0.2  0.3   0.6      1.0      2.0  3.0  5.0 
IC.  COLLECTOR  CURRENT  (AMP) 


20  30 


FIGURE  4  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


100 

50 

Q- 

< 

20 

■ 

LU- 

10 

CE 

Z: 

5.0 

cc 

o 

2.0 

UJ 

1.0 

a 

0.5 

O 

0.2 

0  1 

s-IUU  flS 

dc 

'  ^- 

^.Orr 

-  5.0  ms""> 

-  -inno 

r 

 1  1  

^=   Seco 

Break!) 

irnH 

d  - 

=  Bonding  wire  Limited 

 — — — —  Thermal  LimitationsTc 

=25°C- 

Pulse  Outv  Cvcle  <  10% 

a  Curves  indicai 
i  mull  fall  f 


i  ic-  VceI 

breakdown 


a  catastrophic  failure.  To  it 


Collector 
cable  Safe 


e  maximum  Tj.  power  temperature  derating  must  be  ob- 


served for  both  Heady  n 


5.0  1  0  20  30 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (V0LTS1 
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MJ4645 

thru 
MJ4647 


PNP  SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  high-voltage  amplifier  and  saturated  switching 
applications  at  collector  currents  to  one  Ampere.  Ideally  suited  for 
applications  of  dc-to-dc  converters,  relay  and  hammer  drivers,  motor 
controls,  and  servo  and  pulse  amplifiers.  High-voltage  ratings  permit 
direct-line  operation. 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VcE(sat)  =  <  15  Vdc  (Max)  @  Iq  -  500  mAdc 

•  High  Collector-Emitter  Breakdown  Voltage  - 

BVCEO  =  200,  300,  and  400  Vdc  (Min) 

•  DC  Current  Gain  Specified  -  10  mAdc  to  500  mAdc 


1.0  AMPERE 
POWER  TRANSISTORS 
PNP  SILICON 
200-300-400  VOLTS 
5  WATTS 


MAXIMUM  RATINGS 


Rating 


Collector  Emitter  Voltage 


Collector  Base  Voltage 


Emitter  Base  Voltage 


Collector  Current  Continuous 
Peak 


Total  Device  Dissipation  &  Jc  -  25°C 


Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol      MJ464S        MJ4646       MJ4647  Unit 


vCEO 


VCB 


VEB 


0.5 
1  0 


mw/°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Ma< 

Unit 

Thermal  Resistance.  Junction  to  Case 

"JC 

35 

"cm 

FIGURE  1 

-  POWER  DERATING 

3.11 

4  0 

ah: 

3.0 

ATIC 

2  0 

o 
a: 

S 

1  0 

0 

20      40      60      80      100      120     140     160     180  200 

To,  CASE  TEMPERATURE  (°C) 



—  A  — 

1 

trt:l 

1 

STYLE  1 
G       PIN  1,  EMITTER 
2.  BASE 
jN     3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

8.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

0.500 

L 

6.36 

0.250 

M 

45°  NOM 

45°  NOM 

P 

1  1.27 

0.050 

Q 

90°  NOM 

90°  NOM 

R 

2.64  | 

0.100 

- 

All  JEO EC  dimensions  and  notes  apply. 

CASE  79-02 
TO-39 
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MJ4645  thru  MJ4647 


ELECTRICAL  CHARACTERISTICS  (TA  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emttter  Breakdown  VoltageU) 
(lc  ■  10  mAdc,  lB  «  01 

MJ4645 

BVCE0 

200 

Vdc 

MJ4646 
MJ4647 

300 
400 

Collector-Base  Breakdown  Voltage 
IIC  =  100  MAdc.  IE  =  0) 



MJ4645 
MJ4646 
MJ4647 

BVCB0 

200 
300 
400 

Vdc 

Emitter  Base  Breakdown  Voltage 
(lE  =  100  MAdc,  lc  =  01 

BVEB0 

50 

Vdc 

Collector  Cutoff  Current 
(VCE  -  200  Vdc.  VBE(offl  »  0.5  Vdc) 

'CEX 

10 

MAdc 

ON  CHARACTERISTICS 



DC  Current  Gain 
(lc  =  10  mAdc,  VCE  =  10  Vdc) 
IIC  =  100  mAdc,  VCE  -  10  VdcMII 
(lc-  500  mAdc.  VCE  =  10  Vdc)  11) 

"FE 

20 
25 
20 

Collector-Emitter  Saturation  Voltage 
llc  =  500  mAdc,  lB  =  100  mAdc) 

MJ4645 
MJ4646 
MJ4647 

VcElsat) 

05 
0.6 
0.75 

10 

1.2 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain   Bandwidth  Product 
dC  =  70  mAdc,  VCE  =  20  Vdc,  f  =  20  MHz) 

MJ4645,  MJ4646 
MJ4647, 

it 

40 

30 

MHz 

Output  Capacitance 
(VCB  =  20  Vdc,  lE  =  0.  f  =  100  kHz) 

MJ4645 

MJ4646.  MJ4647 

Cob 

80 
60 

pF 

SWITCHING  CHARACTERISTICS 


Delay  Time 

(Vcc  =  100  Vdc,  lc  =  500  mAdc, 
lB1  =  50  mAdc,  VBE(off|  =  5.0  Vdc) 

'd 

100 

ns 

Rise  Time 

tr 

100 

ns 

Turn -Off 
Time 

IVCC  =  100  Vdc,  lc  =  500  mAdc. 
IB1  =  lB2  =  50  mAdc,  Pulse  Width  •  1.0  ms) 

toff 

720 

ns 

1 1 1  Pulse  Test:   Pulse  Width  <  300  MS.  Duty  Cycle  <  2.0%. 


FIGURE  2  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


1.0      2.0  3.0    5.0  7.0  10       20    30     50  70  100     200  300   500  1000 
VCE.  COLLECTOR  EMITTER  VOLTAGE  IV0LTSI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  Vqe  limits  of  the 
transistor  that  must  be  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  Figure  2  is  based  on  Tj|pk)  =  200°C;  Tc  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(p|<)  <  200°C  At 
high  case  temperatures,  thermal  limitations  will  reduce  the  power 
that  can  be  handled  to  values  less  than  the  limitations  imposed 
by  second  breakdown. 
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MJ6502 
MJ6503 


® 


DesigntM-ss  Data  Sheet 


SWITCHMODE  SERIES 
PNP  SILICON  POWER  TRANSISTORS 

The  MJ6502  and  MJ6503  transistors  are  designed  for  high-voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  Thev  are  particularly  suited  for  line  operated  switchmode 
applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

100  ns  Inductive  Fall  Time  @  25°C  (Typ) 
125  ns  Inductive  Crossover  Time  @>  25°C  (Typ) 

Operating  Temperature  Range  -65  to  +200°C 
100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ6502 

MJ6503 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

250 

400 

Vdc 

Collector-Emitter  Voltage 

VCEV 

300 

450 

Vdc 

Emitter  Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous 
Peak  (1) 

ic 

'CM 

8.0 
16 

Adc 

Base  Current  —  Continuous 
Peak  01 

'B 
'BM 

4.0 

8.0 

Adc 

Total  Power  Dissipation  @       =  25°C 
@TC-  100°C 

Derate  above  25°C 

pD 

125 
71.5 
0.714 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperature  Range  . 

TJ.  Tstg 

-65  to  +200 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R8JC 

1.4 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  tor  5  Seconds 

TL 

275 

°c 

ID  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  *  10%. 

8  AMPERE 

PNP  SILICON 
POWER  TRANSISTORS 

250  AND  400  VOLTS 
125  WATTS 


Designer's  Data  for 
Worst  Case "  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  circuits 
entirely  from  the  information  pre 
sented.  Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design 




NOTES: 

I.  DIMENSIONS  Q  AND  V  ARE  OATUMS 

2  [T]  is  SEATING  PLANE  AND  DATUM. 

3  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q: 

|   ♦  |  ).13  10.0051©  [  T  |  V©  | 

FOR  LEADS  

[  +  1  +.13  (0.005)©T  [  V©|  Q©| 

4,  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  Y14.5,  1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

I 

21  08 

0.830 

C 

635 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0C38 

0.043 

E 

1.40 

1.78 

0055 

0  070 

F 

30.15  BSC 

1.18 

BSC 

G 

10.92  BSC 

0  430  BSC 

H 

5.46  esc 

0.215  BSC 

J 

1S.8 

BSC 

0.665  BSC 

K 

11.18 

12.19 

0.440 

o.*eo 

Q 

3,81 

4.19 

0.150 

0.165 

R 

26.67 

1.W 

u 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 
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MJ6502rMJ6503 


ELECTRICAL  CHARACTERISTICS  1TC  -  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Mm 

TVP 

Mas 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1 )  MJ6502 
(lc  -  10  mA,  lB  =  0)  MJ6503 

vCEO(susl 

250 
400 

Vdc 

Collector  Cutoff  Current 

I VCEV  -  Rated  Value,  VBE|otf  1  *  1  -5  Vdc) 

(VCEV  -  Rated  Value,  VBE(off)  -  1.5  Vdc,  Tc  =  150°CI 

!CEV 

P 

0.5 
2.5 

mAdc 

Collector  Cutoff  Current 

(VCE  -  Rated  VCEV,  RBE  -  50  Si,  Tc  ■  100°CI 

'CER 

- 

,  

r 

3.0 

mAdc 

Emitter  Cutoff  Current 

(VEB  =  6.0  Vdc.  Ic  =  0) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

'S/b 

See  Figure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  1 1 1 


DC  Current  Gain 

(IC  =  2.0  Adc,  VCE  a  5  Vdc) 

nF  E 

15 

Colfector-Emuter  Saturation  Voltage 
(lc  =  4  Adc,  lB  «  1.0  Adc) 
Uc  =  8  Adc,  lB  =  3.0  Adc) 
dC  •  4  Adc.  IB  =  1.0  Adc,  Tc  •  100°C) 

vCE(satl 

1.5 

5.0 
2.5 

Vdc 

Base- Emitter  Saturation  Voltage 
IIC  -  4  Adc,  lB  -  1.0  Add 
llc  =  4  Adc,  lB  -  1.0  Adc.  Tc  =  100°C) 

vBEIsat) 

15 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB>  10  Vdc.  IE-Q.f,es,  ■  10  kHz) 

Cob 

100 

400 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

(Vcc  -  250  Vdc,  lc     4.0  A.  IB1  =  1  0  A. 
tp  -  50  us,  Duty  Cycle  <  2%) 

■a 

0.025 

0.1 

ys 

Rise  Time 

t, 

0.100 

0.5 

/JS 

Storage  Time 

(VCC  =  250  Vdc,  lc  -  4.0  A,  lBi  =  1.0  A, 

's 

0  60 

2.0 

*js 

Fall  Time 

vBE(off|  "  6  Vdc.  'p  "  50  "S.  Duty  Cycle  <  2%) 

>l 

0.11 

0.5 

^s 

Inductive  Load.  Clamped  (Table  1 ) 

Storage  Time 

(IC  =4  A(pk),  VcElpk)  -  250  Vdc,  lB1  M.0A, 
vBE(off)  -  5Vdc.Tc  =  100°CI 

isv 

0.8 

3.0 

fiS 

Crossover  Time 

ic 

0  4 

1.5 

A*  S 

Fall  Time 

tfi 

0  1 

US 

Storage  Time 

(lc  =  4A(pk).  VCE(pk).  250Vdc.  IB1  -  1.0  A, 
VBE(off)  -  5  Vdc,  TC  «  25°C> 

'sv 

0.5 

us 

Crossover  Time 

'c 

0  125 

PS 

Fall  Time 

tfl 

0.1 

US 

(1)  Pulse  Test:  PW  »  300  us.  Duty  Cycle  <  2% 
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DC  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 


=  150° 

:  ' 

-25»C 

lj 

\ 

CE 

5 

0.1         0.2     0.3       0.5   0.7    1.0  2.0     3.0       5.0    7.0  10 

IC,  COLLECTOR  CURRENT  (AMPS) 


0.01  0.02         0.05     0.10     0  20       0.50       1.0       2.0         5.0  10 
IB.  BASE  CURRENT  (AMPS) 


FIGURE  3  -  COLLECTOR-EMITTER 
SATURATION  VOLTAGE 


FIGURE  4  -  BASE-EMITTER  VOLTAGE 


/ 

IC/lB 

=  4 

/ 

Tj 

ISO 

°C 

Tj  ■ 25°C 
1     1  1 

0.1         0.2     0.3      0.5    0.7    1.0  2.0     3.0       5.0    7.0  10 

IC,  COLLECTOR  CURRENT  (AMPS) 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


1 

C  ' 

/ 

i 

•2 

5°C  - 

- 

— 

1 

50°C 

0  1  0.2     0  3       0-5    0.7     1.0  2.0      3.0       5.0    7.0  10 

'C-  COLLECTOR  CURRENT  (AMPS) 

FIGURE  6  -  CAPACITANCE 


•0.2        »0.1  0  -0  1         -0  2        -0  3        -0  4  -0.5 

V6E,  BASE  EMITTER  VOLTAGE  (VOLTS) 


1.1  0.2       0.5    1.0  50     10      20        50    100    200     500  1000 

VR.  REVERSE  VOLTAGE  1V0L7S) 
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MJ6502,  MJ6503 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VcEOIsus) 


RBSOA  AND  INDUCTIVE  SWITCHING 




RESISTIVE  SWITCHING 





TURN  ON  TIME 


l-O 


o  > 


50  MF 


0.1  MF 
MJE15029 


PW  VaneO  to  Airain 
c      100  mA 


Igi  adjusted  to 
obtain  the  forced 
hFE  desired 
TURN  OF  F  TIME 
Use  inductive  switching 
driver  «  the  input  to 
the  resistive  test  circuit 


-V  adjusted  to  obtain  desired   1 3 •) 
+  V   adjusted   to  obtain   desired  VBE(off) 


Lcoii  -80  mH  vcc-10  \. 

Rcotl  -0  7  11 


rcoii     0  05  Si 


clamp 
R    adjusted  to  attain  I 


VCC  =  250  V 

RL  =  62  n 

Pulse  Width  =  10  ms 


INDUCTIVE  TEST  CIRCUIT 

TUT  I 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


See  above 
for  Detailed 
Conditions 


\  ; 

rrfi 

J  1N4937 

i  '  V 

or 

Equivalent 

I  [_  j 

vclamp  —r-  —r- 
— Wv — •— •  1 

"s  -  A 


vCc 


r-'i-l 


i,  Adiusied  r 
Ohtam  lc 


Test  Equipment 
Scope  Tekironm 
475  or  Equivalent 


1  r 


^vcc 
— i- — o 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  INDUCTIVE  SWITCHING  TIMES 


1  2  3  4  5  6  7 

Vbe(oH),  BASE-EMITTER  VOLTAGE  (VOLTS) 
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MJ6502,  MJ6503 


■ 

SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise.  fall,  and  storage 
have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time.  90%  Igi  to  10%  VCE(pk) 
trv  ■  Voltage  Rise  Time.  10-90%  VCE(pk) 
tfj  =  Current  Fall  Time.  90-10%  lc 
ttj  =  Current  Tail.  10-2%  Iq 
tc  *  Crossover  Time,  10%  VCE(pk)  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  tirrW  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 


PSWT=  1/2  VCClc<'c) 


In  general,  trv  +  tfi  —  tc-  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica 
tions  which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsvl  which  are 
guaranteed  at  100°C. 


FIGURE  9  -  TURN-ON  SWITCHING  TIMES 


FIGURE  10  -  TURN-OFF  SWITCHING  TIMES 


0.3       0.5    0.7    1.0  2.0     3.0       5.0    7.0  100 
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FIGURE  11  -  THERMAL  RESPONSE 
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The  Safe  Operating  Area  figures  shown  in  Figures  12  and  13  are 
specified  for  these  devices  under  the  test  conditions  s 


4.0        7.0     10  20      30        50    70     100         200    250  400 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (V0LTS1 


FIGURE  13  -  RBSOA.  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 


_  Turn  oft  load  line 
boundary  for  MJ6503 
The  locus  for  MJ6502 

'  is  150V  less 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown  Safe  operating  area  curves  indicate  lc_^CE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subiected  to 
greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  12  is  based  on  Jq  =  25°C.  Tjfpkj 
is  variable  depending  on  power  level  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  25°C  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
F  igure  1 5 . 

Tj(pkl  may  be  calculated  from  the  data  m  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to 
a  safe  level  at  or  below  a  specific  value  of  collector  cur- 
rent. This  can  be  accomplished  by  several  means  such  as 
active  clamping,  RC  snubbing,  load  line  shaping,  etc.  The 
safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  13 


FIGURE  14  PEAK  REVERSE  BASE  CURRENT 


FIGURE  15  POWER  DERATING 
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7  AMPERE 

POWER  TRANSISTORS 
PNP  SILICON 

.  designed  for  switching  and  wide-band  amplifier  applications. 

60  VOLTS 

• 

Low  Collector-Emitter  Saturation  Voltage  -  VcE(sat)  =  J»J  vdc 
(Max)  @  IC=  7.0  Adc 

60  WATTS 

• 

DC  Current  Gain  Specified  to  5  Amperes 

• 
• 

Excellent  Safe  Operating  Area 

Packaged  in  the  Compact,  High  Dissipation  TO-59  Case 

• 

Isolated  Collector  Configuration  -  700  V  Breakdown 

MAXIMUM  RATINGS 


Rating 

Symbol 

MJ6700 

Unit 

Collector-Emitter  Voltage 

VCEO 

60 

Vdc 

Collector  Base  Voltage 

VCB 

60 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  -  Continuous 

ic 

7.0 

Adc 

Base  Current 

1.0 

Adc 

Total  Device  Dissipation  @  Jc  =■  25°C 
Derate  above  25°C 

60 
343 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tjtg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

«JC 

2.91 

°C/W 

FIGURE  1  -  POWER-TEMPERATURE  DERATING  CURVE 


Tc,  CASE  TEMPERATURE  (»CI 
Safe  Area  Curves  are  indicated  by  Figure  2.  All  limits  are  applicable  and  must  be  observed. 


■fr 


A  — \  .  STYLE  1 : 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 

D 


10  32  UNF-2A 

COATED  _J 


J  SEATING 
I  PLANE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

10.77 

11.10 

0.424 

0.437 

C 

8.13 

11.89 

0.320 

0.468 

E 

2.29 

3.81 

0.090 

0.150 

G 

4.70 

5.46 

0.185 

0  215 

H 

1.98 

0.078 

J 

10.16 

11.56 

0.400 

0.455 

K 

14.48 

19.38 

0.570 

0.763 

L 
N 

2.29 

2.79 

0.090 

0.1 10 

6.35 

0.250 

P 

4.14 

4.80 

0.163 

0.189 

0 

1.02 

1.65 

0.040 

0.065 

R 

8.08 

9.65 

0.318 

0.380 

S 

4.212 

4.310 

0.1658 

0.1697 

T 

9.65 

11.10 

0.380 

0.437 

All  JEDEC 
Collector  isolated 


dimensions  and  notes  apply 


CASE  160-03 
(TO-59) 
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MJ6700 

ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
IIC  =  50  mAdc,  lB  =  01 

vCEO(susl 

60 

_ 

Vdc 

Collector  Cutoff  Current 
(VCE  =  S5Vdc.lB«0) 

'CE0 

100 

MAdc 

Collector  Cutoff  Current 

(VCE  -  55  Vdc.  VBE(off|  =  1.5  Vdcl 

|VCE  =  55  Vdc,  VBE(off)  .  1.5  Vdc,Tc  =  150°C) 

'CEX 

10 

1.0 

uAdc 
mAdc 

Collector  Cutoff  Current 
(Vcb  =  60Vdc,lE  =  0) 

'CBO 

10 

MAdc 

Emitter  Cutoff  Current 
(VEB  -  5.0  Vdc,  lc  =  0) 

'EBO 

 -  

100 

MAdc 


ON  CHARACTERISTICS 


DC  Current  Gain 

Oc  =  500  mAdc,  VCE  =  2.0  Vdc) 
(lC  "  2.0  Adc,  VCE  =  2.0  Vdc) 
|IC  =  5.0  Adc,  VCE  =  2.0  Vdc) 

r>FE 

25 
25 
15 

180 

Collector-Emitter  Saturation  Voltage 
llc  -  2.0  Adc,  lB  =  0.2  Adc) 
(lC- 7.0  Adc,  lB  =  0.7Adc) 

vCE(sat) 

0.7 
1.2 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC  -  2.0  Adc,  lB  -  0.2  Adc) 
llC  =  7.0  Adc.  IB  =  0.7  Adc) 

vBE(sat) 

1.2 
2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain-Bandwidth  Product 

<lc  =  500  mAdc.  VCE  =  10  Vdc,  f  -  10  MHzl 

*T 

30 

MHz 

Output  Capacitance 

(VCB  »  10  Vdc.  IE  =  0,  f  «  100  kHz) 

C0b 

300 

pF 

Input  Capacitance 

(VBE  =  2.0  Vdc,  lC  =  0,  f  =  100  kHzl 

Cib 

1250 

pF 

SWITCHING  CHARACTERISTICS 

Delay  Time 

(VCC  ?  40  Vdc,  VBE(off)  -  4.0  Vdc, 
lC  =  2.0  Adc,  lBi  =  200  mAdc) 

td 

100 

ns 

Rise  Time 

tr 

100 

ns 

Storage  Time 

(Vcc  •  10  Vdc,  lc  =  2.0  Adc, 
'B1  =  'B2  =  200  mAdc) 

•s 

1.0 

Fall  Time 

tf 

150 

ns 

Pulse  Test:   Pulse  Width  ■  300  jus.  Duty  Cycle 


«  2.0% 

E  OPERATING  AREA 


The  Safe  Operating  Area  Curves 
indicate  lc~vCE  ,im'ts  below 
which  the  device  will  not  enter 
secondary  breakdown.  Collec- 
tor load  lines  for  specific  circuits 
must  fall  within  the  applicable 
Safe  Area  to  avoid  causing  a 
catastrophic  failure.  To  insure 
operation  below  the  maximum 
Tj,  power-temperature  derating 
must  be  observed  for  both  steady 
state  and  pulse  power  conditions. 


FIGURE  3  -  SWITCHING  TIME  TEST  CIRCUIT 

INPUT  PULSE 

(-1  Bpf-ia  ^ 
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MJ8100 


® 


_ 


MEDIUM-POWER  PNP  SILICON  TRANSISTORS 

.  .  .  designed  for  switching  and  wide  band  amplifier  applications. 

•  Low  Collector-Emitter  Saturation  Voltage  — 

vCE(sat)  "  1-2  Vdc  (Max)  @  lc  =  5.0  Amp 

•  DC  Current  Gain  Specified  to  5  Amperes 

•  Excellent  Safe  Operating  Area 

•  Packaged  in  the  Compact  TO-39  Case  for  Critical  Space-Limited 

Applications. 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEn 

60 

Vdc 

Collector-Base  Voltage 

VCB 

60 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  —  Continuous 

ic 

5.0 

Adc 

Base  Current 

>B 

no 

Adc 

Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

Pd 

10 

57.2 

Watts 

mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

OJC 

17.5 

°C/W 

FIGURE  1  -  POWER-TEMPERATURE  DERATING  CURVE 
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Tc.  CASE  TEMPERATURE  <°CI 
Safe  Area  Curves  are  indicatm  by  Figure  2.  All  limits  are  applicable  and  must  ba  o 


5  AMPERE 
POWER  TRANSISTORS 

PNP  SILICON 

60  VOLTS 
10  WATTS 





1 

/{II 

SEATING 
PLANE       -lu  D  STYLE  1 


7: 

Q 

\  i 

PIN  1:  EMITTER 

2.  BASE 

3.  COLLECTOR 

N 


M  v 


DIM 

MILLIMETERS 

INCHES 

MIN  |MAX 

MIN 

MAX 

A   |  8.89 

9  40   |  0.350 

0  370 

I 

8.00 

8.51 

0.315 

0  335 

C 

6.10 

6.60 

0.240 

0.260 

0 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0016 

0.019 

6 

4.83 

5.33 

0.190 

0  210 

H 

0  711 

0.864 

0028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

0  500 

L 

6.35 

0.250 

M 

45°  N0M 

45°  N0M 

P 

-     |  1.27 

0.050 

a 

90°  N0M 

90"  N0M 

R 

2.54  1 

0.100 

CASE  79  02 
T039 
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0  JM  -*»  F  Q  1  9  •  I 

ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 
|  Characteristic  |      Symbol  Min  Max  Unit 


OFF  CHARACTERISTICS 


...         _    .      -    (11 

Uollector-tmitter  bustaining  voltage 
(lc  -  50mAdc,  lB  =  0) 

vCE0lsus) 

60 

Vdc 

Collector  Cutoff  Current 
(VCE  =  55Vdc.  IB  =  0) 

ICEO 

100 

uAdc 

Collector  Cutoff  Current 

(VCE  =  55  Vdc.  VBE(off)  -  1.5  Vdc) 

IVCE  -  55  Vdc.  VBE(off)  =  15  Vdc.  Tc  -  150°C) 

'CEX 

10 
1.0 

*iAdc 
mAdc 

Collector  Cutoff  Current 
IVCB  =60  V,  lE  =  01 

!CBO 

10 

uAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc.  Ic  "  0) 

'ebo 

100 

MAdc 

ON  CHARACTERISTICS  111 

DC  Current  Gain 

llC  =  500  m Adc,  VCE  =  2.0  Vdc) 
|IC  =  2.0  Adc.  VCE  -  2.0  Vdc) 
(lC  =  5.0  Adc,  VCE  =  2.0  Vdc) 

hFE 

25 
25 
15 

180 

Collector-Emitter  Saturation  Voltage 
dC  •  2.0  Adc,  lB  -  0.2  Adc) 
dC  =  5.0  Adc,  lB  =  0.5  Add 

vCE(sat) 

0.7 
1.2 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  =  2.0  Adc.  IB  =  0.2  Adc) 
llc  -  5.0  Adc,  lB  =■  0.5  Adc) 

 . 

vBEIsat) 

- 

1.2 
1.8 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(lC  =  0.5  Adc,  VCE  -  10  Vdc,  f  =  10  MHz) 

<T 

30 

MHz 

Output  Capacitance 

|VCB  =  10  Vdc.  IE  =  0,  f  =  100kHzl 

Cob 

300 

pF 

Input  Capacitance 

(VBE  -  2.0  Vdc,  lC  =  0,  f  -  100  kHz) 

Cib 

1250 

pF 

SWITCHING  CHARACTERISTICS 

Delay  Time 

(VCC  -  40  Vdc,  VBE  (off)  =  *  0  Vdc. 
lC  =  2.0  Adc,  !B1  =  0.2  Adc) 

td 

100 

ns 

Rise  Time 

tr 

100 

ns 

Storage  Time 

( VCc  -  40  Vdc,  lc  •  2.0  Adc, 
lB1  =  lB2=0.2Adc) 

's 

1.0 

us 

Fall  Time 

tf 

150 

ns 

111  Pui»T«t:  PuiseWidth  ^  300  us.  Duty  Cycle  £  2.0% 


FIGURE  2  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


FIGURE  3  -  SWITCHING  TIME  TEST  CIRCUIT 


The  Safe  Operating  Area  Curves 
indicate  !(;— v*CE  limits  below 
which  the  device  will  not  enter 
secondary  breakdown.  Collec- 
tor load  lines  for  specific  circuits 
must  fall  within  the  applicable 
Safe  Area  to  avoid  causing  a 
catastrophic  failure.  To  insure 
operation  below  the  maximum 
Tj,  power-temperature  derating 
must  be  observed  for  both  steady 
state  and  pulse  power  conditions. 


VC£.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 
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Designers  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJ8500  and  MJ8501  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line  operated  switch- 
mode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

300  ns  Inductive  Fall  Time  -  25°C  (Typ) 

500  ns  Inductive  Crossover  Time  -  25°C  (Typ) 

900  ns  Inductive  Storage  Time  -  25°C  (Typ) 

Operating  Temperature  Range  -65  to  +200°C 

100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ8500 

MJ850 1 

Unit 

Collector-Emitter  Voltage 

VcEOIsusI 

700 

800 

Vdc 

Collector-Emitter  Voltage 

VCEV 

1200 

1400 

Vdc 

Emitter  Base  Voltage 

veb 

8.0 

8.0 

Vric 

Collector  Current  —  Continuous 
Peak  (1) 

ic 

2.5 
5.0 

2.5 
5.0 

Adc 

'cm 

Base  Current  -  Continuous 
Peak  (11 

'b 
|rm 

20 
4.0 

2.0 
4.0 

Adc 

Total  Power  Dissipation  <3>  Tc  -  25°C 
@TC  -  100°C 

Derate  above  25°C 

125 

71 
0.71 

125 
71 
0.71 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  +200 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rsjc 

1.4 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1 1  Pulse  Test :  Pulse  Width  -  5  ms.  Duty  Cycle  <  1 0%. 

2.5  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

700  and  800  VOLTS 
1 25  WATTS 


Designer's  Data  for 
■  Worst  Case  '  Conditions 

The  Designers  Data  Sheet  per 
mits  the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 




MOTES 

1  DIMENSIONS  0  AND  V  ARE  OATUMS 

2  [TJ  IS  SEATING  PLANE  AND  DATUM 

3  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q 

|   ♦  |  IIII0.0OSI®  |  T  |V©  | 

FOR  LEAPS:  

|  ♦  |  t.l3H.DQSI®T  |  vQ|  O0| 


PIN  I  BASE 

;  EMITTER 
CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39  37 

1 .550 

1 

:■■  us 

fi  830 

E 

E35 

1  5? 

a  ?■>() 

...  30C 

0 

G'-' 

1.09 

0  O'iK 

0043 

E 

3.43 

-     1  0135 

F 

3D.I5BSC 

1  187 8SC 

B 

10  32  BSC 

0  430  BSC 

H 

54 

BSC 

G 215  BSC 

J 

Hi  8 

o.f,t;5  b:;c 

K 

n  ifl 

12.19 

0180 

Q 

331 

4.19 

a  i5D 

0  165 

Ft 

I S .  6  1 

1  050 

U 

4  B3 

5.33 

o.i  an 

0  210 

V 

3  8'. 

4.19 

0  150 

0  165 

CASE  1  05  TO-3 
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MJ8500,  MJ8501 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted) 


|       Min        |       Typ       |       Ma»       |  Unit 


I 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  1)  MJ8500 
(lc  "  100  mA,  lB  -0)  MJ8501 

vCE0(sus) 

700 
800 

Vdc 

Collector  Cutoff  Current 

(VCEV  =  Rated  Value,  VBE(Dff)  =  1 .5  Vdc) 

(Vcev  "  Rated  Value,  VB£|off)  -  1.5  Vdc,  Tc  =  150°CI 

ICEV 

_ 

0.25 
5  0 

mAdc 

Collector  Cutoff  Current 

(VCE  -  Rated  VCEV,  RBE  -  50  £!,  Tc  -  100°CI 

ICER 

5.0 

mAdc 

Emitter  Cutoff  Current 
(VEB  •  7.0  Vdc,  lc  -  0) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

IS/b 

See  Figure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  11 1 

DC  Current  Gain 

llc  -  0.5  Adc.  VCE  -  5.0  Vdc) 

hFE 

7.5 

Collector-Emitter  Saturation  Voltage 
(lc  ■  1.0  Adc,  lB  -  0.33  Add 
(lc  -  2.5  Adc,  lB  =  1.0  Add 
(lc  -  1.0  Adc.  IB  -  0.33  Adc,  Tc  -  100°C> 

vCE(sat) 

2.0 
5.0 
30 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  -  1.0  Adc,  lB  -  0.33  Adc) 
(lc  -  1.0  Adc,  lB  =  0.33  Adc,  TC  -  100°C) 

VBE(sat) 

1.5 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  -0,  ftest  -  1.0  kHz) 

cob 

50 

250 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  {Table  1) 

Delay  Time 

(Vcc  -  500  Vdc,  lc  -  1.0  A, 

lB1  =  0.33  A,  VBE(of(1  =  5.0  Vdc.  tp  =  50 us. 

Duty  Cycle  <  2.0%) 

id 

0.045 

0.20 

us 

Rise  Time 

tr 

02 

2.0 

us 

Storage  Time 

<S 

1.0 

4.0 

us 

Fall  Time 

0.5 

20 

us 

Inductive  Load,  Clamped  (Table  1 ) 

Storage  Time 

llc  -  10  Alpk),  Vc|amp  =  500  Vdc,  Ig,  =  0.33  A, 
VBE(off)  =5  Vdc.Tc-  100°CI 

*sv 

1.3 

4.0 

us 

Crossover  Time 

tc 

0.6 

2.0 

us 

Storage  Time 

(lc  =  10  Alpk),  Vclamp  -  500  Vdc,  IB1  =  0.33  A. 
vBE(off)  -5  Vdc,  TC  =  25°CI 

*SV 

0.9 

us 

Crossover  Time 

'c 

0.5 

us 

Fall  Time 

tfi 

0.3 

US 

(1)  Pulse  Test:  PW  ■  300  us.  Duty  Cycle  <  2%. 
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FIGURE  1  -  DC  CURRENT  GAIN  FIGURE  2  -  COLLECTOR  SATURATION  REGION 


■  r    01  1  1 — I  1  1  1  1 — L_l  1  1  1  0.51  1  1  1  1  1  1  1 — l_l  1  1  1 

0.25   0.30       0.4     0.5    0.6  0.7  0.8  0.3  1.0  1.5         2.0      2.5  0.25    0.3        0.4      0.5    0.6   0.7  0.80.91.0  1.5         2.0  2.5 

lCE,  COLLECTOR  CURRENT  (AMPSI  lc.  COLLECTOR  CURRENT  IAMPSI 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION  FIGURE  6  -  CAPACITANCE 
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SWITCHING  TIMES  NOTE 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 
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FIGURE  8  -  PEAK  REVERSE  BASE  CURRENT 
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Ir  ■  1.0  A 

1 

Bl  ■  03 
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I  circuit: 
and  ap 


times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  "  Voltage  Storage  Time,  90%  Ifj1  to  10%  VCE  (pk) 
trv  =  Voltage  Rise  Time,  10-90%  VCE  (p|<) 
tfj  =  Current  Fall  Time,  90-10%  Ic 
ttj  -  Current  Tail,  10-2%  Ic 
tc  =  Crossover  Time,  10%  VC£  (pk)  to  10%  Ic 
An  enlarged  portion  of  the  inductive  switching  waveforms 
is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 


rSWT 


1/2  Vcclc(tc|f 


In  general,  trv  +  tfj  =*  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  9  -  TURN    ON  SWITCHING  TIMES 


FIGURE  10  -  TURN    OFF  SWITCHING  TIMES 
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0.100 


s —  * 



1  

'cc 

5C 

0 

t 

'C" 

11  -  •> 

25°C 

'  1 

IC,  COLLECTOR  CURRENT  (AMPS) 


3-775 


MJ8500,  MJ8501 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VCEOIsusI 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


ZO 
~  Z 

o 


,v  ^^v^-H-o  I 


^2 


PW  Viritd  10  Attain 
,c  =  100  mA 


All  Diodes  -  1N4934 
All  NPN  -  MJE200 
All  PNP  -  MJE210 

Adjust  R1  to  obtain  lB1 
For  switching  and  RBsqa,  R2  =  0 
ForBVCEO(sus).R2  =  « 


Adjust  to 
obtain 
VBE(off)  --6.0V 





TURN  ON  TIME 


F  [ 


TURN  OFF  TIME 
Use  inductive  switching 

itia  reimivn  rait  circuit. 


Lcoil  ■  80  mH  Vcc  =  10  V 

Hcoii  -  o.  7  n 


LCOi.  =  1B0*iH 

Rcoil  =  0  05  11 


Vdamp "  500  V 


VCC  =  500  V 

R  L  -  500  fi 

Pulse  Width  =  50  Ms 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


t.  Adiuttad  to 

Obtain  lc 


RESISTIVE  TEST  CIRCUIT 


VCC 
:oil<'cDk> 


Tim.  [«_12— \ 



Tell  Equipment 

Scope  —  Tektronix 
475  or  Equivalent 


0-7 
0.5 

0.3 
n  7 


FIGURE  11  -  THERMAL  RESPONSE 


\  "ejc-  i.4°c/wim».  ; 

TJ(pk)-Tc  =  P(pt|  R0JC<<> 


1.0 


I.  TIME  Ins) 


100 


1000 
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FIGURE  12  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


i 


20  40     60   80100        200        400   600  I 

VCE.  COLLECTOR-EMITTER  VOLTAGE  [VOLTS) 

FIGURE  13  -  RBSOA,  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  h?ndlmg  ability 
of  a  transistor:  average  lunction  temperature  and  second 
breakdown  Safe  operating  area  curves  indicate  Ic-VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subjected -to 
greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  12  is  based  on  Tc  =  25°C.  Tj(p|<) 
is  variable  depending  on  power  level  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  14 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to 
a  safe  level  at  or  below  a  specific  value  of  collector  cur- 
rent. This  can  be  accomplished  by  several  means  such  as 
active  clamping,  RC  snubbing,  load  line  shaping,  etc.  The 
safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  13 
gives  the  complete  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 


80  120 
Tc.  CASE  TEMPERATURE  l»C) 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJ8502  and  MJ8503  transistors  are  designed  for  high-voltage, 
high-speed,  power  switching  in  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  line  operated  switchmode 
applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

1 50  ns  Inductive  Fall  Time-25°C  (Typ) 

400  ns  Inductive  Crossover  Time-25°C  (Typ) 

1200  ns  Inductive  Storage  Time-25°C  (Typ) 
Operating  Temperature  Range  -65  to  +  200°C 
100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 


Rating 

Symbol 

MJ8502 

MJ8503 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

700 

800 

Vdc 

Collector-Emitter  Voltage 

V"CEV 

1200 

1400 

Vdc 

Emitter  Base  Voltage 

VEB 

8.0 

8.0 

Vdc 

Collector  Current  -  Continuous 
Peak  (1) 

ic 

'CM 

5.0 
10 

5.0 
10 

Adc 

Base  Current  -  Continuous 
Peak  It) 

^M 

40 

8.0 

4.0 
8.0 

Adc 

Total  Power  Dissipation  @  Tq  =  25°C 
@TC  ■  100°C 

Derate  above  25°C 

Pd 

150 
86 
0.85 

150 
86 
0.85 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«JG 

1.16 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cvcle  <  10%. 

5.0  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

700  and  800  VOLTS 
1 50  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers'  Data  Sheet  per 
mits  the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 








NOTES: 

1.  DIMENSIONS  0  AND  V  ARE  DATUMS. 

2  CD  IS  SEATING  PLANE  AND  DATUM 

3  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0 

|  ♦  [  iiaio.oos)©  |  t  |  v®  | 

FOR  LEADS: 

|  »  1  H3<O.00S)©T  ]  y®  |  Q® 


STVIE  I 

PIN  I  BASE 

Z  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIM 

MAX 

MIN 

MAX 

A 

39.37 

e 

21  08 

0?;n 

c 

6  35 

7  6? 

0.300 

0 

0  37 

109 

0.038 

0.043 

E 

3.43 

0  135 

I 

30  1 

BSC, 

i.ta 

ESC 

10  9 

BSC 

0.13 

H 

54 

ESC 

0  71 

-Si- 

J 

16  8 

ESC 

0B6 

BSC 

K 

\\  if) 

11  19 

0.480 

a 

3  81 

4  19 

ii  ■=.. 

0.1B5 

I 

26  sr 

u 

JH3 

5.33 

0.(90 

;v  : 

V 

3J1 

4.19 

0  150 

O.Ko 

CASE  1-05  TO-3 
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ELECTRICAL  CHARACTERISTICS  ITC  =  25°C  unless  otherwise  notedl 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit  | 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1 1  MJ8502 
(IC  =  100mA.  IB  -0)  MJ8503 

vCEO(susl 

700 
800 

Vdc 

Collector  Cutoff  Current 

<VCEV  =  Ra,ed  Value.  vBE(offl  '  1  5  Vdcl 

(VCEV  -  Rated  Value,  VBE(o(()  =  1.5  Vdc,  Tc  -  150°CI 

ICEV 

0.25 
5.0 

mAdc 

Collector  Cutoff  Current 

IVce  "  Rated  VCEV.  RBE  •  50  S!.  Tc  -  100°C) 

>CER 

5.0 

mAdc 

Emitter  Cutoff  Current 
(V£B  -  7.0  Vdc,  lc  -  01 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

•S/B 

See  F 

ure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (1 1 


DC  Current  Gain 

(IC=  1.0  Adc,  VCE- 5.0  Vdcl 


hFE 


Collector-Emitter  Saturation  Voltage 

(lc  -  2.5  Adc,  lB  -  1.0  Adc) 

(IC  *  5.0  Adc,  lB  =  2.0  Add 

(IC-  2.5  Adc,  lB  -  1.0  Adc,  Tc  -  100°C) 
Base-Emitter  Saturation  Voltage 

(IC-2.5  Adc,  lB  =  1.0  Add 

(lC  "  2.5  Adc.  IB  -  1.0  Adc.  Tc  -  100°C) 


vCE(satl 


2.0 
5.0 
3.0 


VBEIsatl 


1.5 
1.5 


DYNAMIC  CHARACTERISTICS 


Output  Capacitance 

IVC8  ■  10  Vdc,  lE  -  0.  f,est  =  1.0  kHz) 

cob 

60 

300 

pF 

SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1) 

Delay  Time 

IVCC  -  500  Vdc,  IC  =  2.5A, 

|B1  -  1.0  A,  VBE(off)  =  5.0  Vdc,  tp  -  50  us, 

Duty  Cycle  «  2.0%) 

<d 

0.040 

0.20 

MS 

Rise  Time 

tr 

0.125 

2.0 

us 

Storage  Time 

's 

1.2 

4.0 

MS 

Fall  Time 

If 

0.65 

2.0 

MS 

Inductive  Load,  Clamped  (Table  1 ) 

Storage  Time 

llC  -  2.5  Alpk).  Vclamp  -  500  Vdc,  lB1  =  1.0  A, 
VBE(off)  "  5  Vdc,  TC  -  100°C) 

'SV 

1.6 

5.0 

Crossover  Time 

<C 

0.60 

2.0 

MS 

Storage  Time 

(lc  -  2.5  Alpk),  Vc|arnp  -  500  Vdc,  lB1  =  1.0  A, 
vBE(off)'5Vdc.Tc  =  25°C) 

<*V 

1.2 

MS 

Crossover  Time 

<c 

0.4 

MS 

Fail  Time 

tfi 

0.15 

MS 

(1 1  Pulse  Test:  PW  -  300  MS.  Duty  Cycle  *  2%. 
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FIGURE  8  -  PEAK  REVERSE  BASE  CURRENT 
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SWITCHING  TIMES  NOTE 

In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  I b  1  t°  10%  VcE(pk) 

trv  =  Voltage  Rise  Time,  10-90%  VcE(pk) 

tfj  =  Current  Fall  Time,  90-10%  \q 

ttj  =  Current  Tail,  10-2%  \q 

tc  =  Crossover  Time,  10%  VcE(pk)  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 
is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=  1/2  Vcclc(tc|f 
In  general,  tru  +  tfi  ="  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  9 -TURN-ON  SWITCHING  TIMES  FIGURE  10  —  TURN-OFF  SWITCHING  TIMES 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


vCEO(sus> 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 





I-O 

2E 

Z  Q 
~Z 

o 
u 


*  1' 


All  Diodes  -  1N4934 
All  NPN  -  MJE200 
All  PNP  -  MJE210 

Adjust  Rl  To  obtain  iB1 
For  switching  and  RBgOA-  H2  =  0 
For  BVCEO(susl-  R2  -  - 


TURN  ON  Til 


TURN  OFF  TIME 
Um  indue tivti  switching 
flxvar  *i  tha  incul  to 

tha  iWHhi  tait  c.tcutt 


83 


LcoM  -  80  mH  Vcc-  10  V 
°coil  "  0.7  n 


t^oi,  -  180  UH 
ncoil  "  0  05  n 


VCC  =  500  V 

R  L  =  200  SI 

Pulse  Width  -  50  Ms 


INDUCTIVE  TEST  CIRCUIT 


IN4B34  ^  vcl«mp  J.  "CC 


OUTPUT  WAVEFORMS 


Ad|ustad  I 
Main  IC 


RESISTIVE  TEST  CIRCUIT 


LcoilnCDk> 

■>  *>  — 


Tail  Equipmwil 
Scopa  -  TaktroniH 
475  or  Equivalent 
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SAFE  OPERATING  AREA  INFORMATION 


FIGURE  12 

10 


MAXIMUM  FORWARD  BIAS  SAFE  OPERATING 
AREA 


20  40     60  80100 

VC£.  COLLECTOR-EMITTER  VOLTAGE  (V0LTSI 


FIGURE  13  -  RBSOA,  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 


t  « 


Tj  s  100°C 
lc/lB  »  2.5 


FOR  MJ8502  RBSOA 
"  LIMIT  IS  200  VOLTS  LESS 

 l  I  I  L 


5 


VBE(off)  =  2to7V 


200  400  GOO  800  1000 
VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


0  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  lunction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  IC^^CE 
limns  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Jq  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  14. 

"Tj(pk)  may  be  calculated  from  the  data  m  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to 
a  safe  level  at  or  below  a  specific  value  of  collector  cur- 
rent. This  can  be  accomplished  by  several  means  such  as 
active  clamping,  RC  snubbing,  load  line  shaping,  etc.  The 
safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  13 
gives  the  complete  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 
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Dojsifynoi'fs  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJ8504  and  MJ8505  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line  operated  switch- 
mode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

75  ns  Inductive  Fall  Time  -25°C  (typ) 
150  ns  Inductive  Crossover  Time  -25°C  (typl 
1.25  /is  Inductive  Storage  Time  -25°C  (typ) 

Operating  Temperature  Range  —65  to  +  200°C 
100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ8504 

MJ8505 

Unit 

Collector-Emitter  Voltage 

vCEOIsusl 

700 

800 

Vdc 

Collector-Emitter  Voltage 

VCEV 

1200 

1400 

Vdc 

Emitter  Base  Voltage 

VEB 

8.0 

8.0 

Vdc 

Collector  Current  —  Continuous 
Peak  (1) 

"c 

ICM 

10 
15 

10 
15 

Adc 

Base  Current  -  Continuous 
Peak  (1} 

>B 

IBM 

8 
12 

8 
12 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
@TC  =  100°C 
Derate  above  25°C  * 

PD 

175 
100 
1.0 

175 
100 
1.0 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  TStg 

-65  to  +200 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rejc 

10 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

275 

°c 

11 1  Pulse  Test :  Pulse  Width  =  5  ms.  Duty  Cycle  «;  1 0%. 

10  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

700  and  800  VOLTS 
175  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  ctrcuits 
entirely  from  the  information  pre- 
sented. Limit  data  —  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 


NOTES 

1.  DIMENSIONS  Q  AND  V  ARE  DATUMS. 

2.  fT]  IS  SEATING  PLANE  AND  DATUM 
3  POSITIONAL  TOLERANCE  FOB 

MOUNTING  HOLE  0 

|  »  |  )  1310  0051©  1  T  |v©l 

FOR  LEAPS  

|  +  |  <.)3(0.005)©T  ]  y®  I  Q®| 


STVlf  1 

PIN  I.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

Mini 

A 

39  37 

1  550 

21  OB 

0  830 

C 

6.35 

16? 

I)  M 

il  Hlfj 

0 

0.9) 

:  W 

0  038 

o  iw; 

E 

3  13 

0  135 

F 

30  1 

BSC 

I.U 

3Sf 

G 

109 

esc 

ft -13 

BSC 

M 

BSC 

071 

BSC 

J 

•i  s 

BSC 

L-3- 

BSC 

K 

l ;  is 

12 .19 

0  .I'.Q 

0  480 

Q 

CASE  105  TO-3 
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ELECTRICAL  CHARACTERISTICS  (Tc  »  25°C  unless  otherwise  noted) 


Characteristic                                            |     Symbol     |       Min               Typ              Max  Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1)  MJ8504 
He  -  100  mA.  Ib  "<H  MJ8505 

vCEOIsus) 

700 
800 

Vdc 

Collector  Cutoff  Current 

•  VCEV  =  Rated  Value.  VBE(0ff )  =  1 .5  Vdc) 

(VCEV  -  Rated  Value,  VBE(off)  -  1.5  Vdc,  Tc  -  150°C) 

ICEV 

 1 

0.25 
5.0 

mAdc 

Collector  Cutoff  Current 

(VCE  -  Rated  VCEV,  RBE  »  50  J!,  Tc  -  100°CI 

'CER 

5.0 

mAdc 

Emitter  Cutoff  Current 
(VEB  -  7.0  Vdc,  lc  -  0) 

!eB0 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

IS/b 

See  Figure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(lc  =  1  5  Adc,  VCE  *  5.0  Vdc) 

nFE 

7.5 

Collector-Emitter  Saturation  Voltage 
(lc-  5.0  Adc,  1B  -  2.0  Adc) 
(lc  =  10  Adc,  Ib  -4.0  Adc) 
(lc  -  5.0  Adc,  lB  -  2.0  Adc,  Tc  -  100°C) 

vCE(sat) 

2.0 
5.0 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  "  5.0  Adc,  Ib  "  2.0  Adc) 
(IC  =  5.0  Adc,  I B  »  2.0  Adc,  Tc  =  1 00°C) 

VBE(satl 

1.5 

Vdc 

1.5 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(Vcb  =  10  Vdc.  IE  =  0,  ftest  =  1.0  kHz) 

cob 

90 

450 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

(VCC»  500  Vdc,  lc  =  5.0  A, 

lB1  •  2.0  A,  VBE(0ff)  «  5.0  Vdc,  tp  =  50ms, 

Duty  Cycle  <  2.0%) 

<d 

0.050 

0.20 

MS 

Rise  Time 

tr 

0.175 

2.0 

MS 

Storage  Time 

h 

1.25 

4.0 

Fall  Time 

tf 

0.60 

2  0 

MS 

Inductive  Load,  Clamped  (Table  1) 

Storage  Time 

(IC  -  5.0  A(pk),  Vc|amp  -  500  Vdc,  >bi  =  2.0  A, 
VBE(off)  =  5Vdc.  TC=100°C 

'sv 

1.75 

5.5 

MS 

Crossover  Time 

tc 

0.400 

2.0 

MS 

Storage  Time 

(lc  -  5.0  Alpkl,  Vclamp  =  500  Vdc.  IB,  -2.0  A, 
vBE(off)  -5  Vdc,  TC  =  25°C) 

'SV 

1.25 

MS 

Crossover  Time 

tc 

0.150 

MS 

Fall  Time 

tfl 

0.075 

MS 

(1 )  Pulse  Test:  PW  -  300  MS,  Duty  Cycle  <  2%. 
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FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 


0.1  0.2     0.3       0.5    0.7    1.0  2.0     3.0       5.0    7.0  10 

lc.  COLLECTOR  CURRENT  IAMPS) 


0.1  0.2     0.3      0.6   0.7    1.0  2.0     3.0       5.0  7.0 

IB.  BASE  CURRENT  IAMPS) 


FIGURE  3  -  COLLECTOR  EMITTER  SATURATION  REGION 

-  10 

;  7o 

I  5.0 


FIGURE  4  -  BASE  EMITTER  VOLTAGE 


<  3.0 

o  2.0 
* 

IK 

t  1.0 

5  0.7 

g  0.5 

g 

^  0.3 

S  0-2 


lC" 

5  - 

y 

u 

-  100°C  - 

y 

-25° 

C  — 

HI     0.3       0.5   0.7    1.0  2.0  3.0 

IC.  COLLECTOR  CURRENT  IAMPS) 


0.1  0.2     0.3       0.5   0.7    1.0  2.0     3.0       5.0    7.0  10 

IC.  COLLECTOR  CURRENT  IAMPSI 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 


-0.2  0  *0.2  »0«  ♦  O.S 

VBE.  BASE  EMITTER  VOLTAGE  (VOLTS) 


11     0  2       0.5    1.0    20       5.0     10     20       50    100    200      500  1000 
VR.  REVERSE  VOLTAGE  IV0LTS) 
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SWITCHING  TIMES  NOTE 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  PEAK  REVERSE  BASE  CURRENT 


60 


S  2.0 


IC  =  5A 
IBI  =  2.0  A 

r 

In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  I b  1  to  '0%  VCE(pk) 
tru  =  Voltage  Rise  Time.  10-90%  VcE(pk) 
tfj  =  Current  Fall  Time,  90-10%  lc 
ttj  =  Current  Tail,  10-2%  lc 
tc  =  Crossover  Time,  10%  VcE(pk)   to  10%  lC 
An  enlarged  portion  of  the  inductive  switching  waveforms 
is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222A: 

PSWT=  1/2Vcclcltc)f 
In  general,  tru  +  tfi  =•  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


2.0  40  so  8.0 

VBE  (off),  BASE  EMITTER  VOLTAGE  (VOLTS) 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  9  -  TURN  ON  SWITCHING  TIMES 


FIGURE  10  -  TURN-OFF  SWITCHING  TIMES 


0.3       0.5    0.7    1.0  2.0  3.0 

lC.  COLLECTOR  CURRENT  (AMPS) 


0  3        0.5    0.7     1.0  2.0  3.0 

lC.  COLLECTOR  CURRENT  (AMPS) 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VCEOI$us) 


RBSOA  AND  INDUCTIVE  SWITCHING 




RESISTIVE  SWITCHING 


z  a 
~  z 

o 

u 


— V 

PVV  V.ri.b  to  »M. 
IC-  100  "A 


TUHN  ON  TIME 


All  Diodes  -  1N4934 
All  NPN  -  MJE200 
All  PNP  -  MJE210 

Adjust  R1  to  obtain  lB1 

For  switching  and  BBgOA'  R2  =  0 

For  BVCEO|jus>.  B2  "  " 


TURN  OFF  TIME 

dnvar  as  tna  input  to 
tha  raiiiiiva  tail  circuit 


obtain  0 

vBE(off>  "  -5-0  V 


■  80  mH  VCC-  10  V 


Hcoil  =  o  05  n 
VCc  -  20  V 


Vclamp  "  50"  * 


VCC  -  500  V 

Ri_  =  ioo  n 

Puis*  Width  =  50  MS 


INDUCTIVE  TEST  CIRCUIT 


IN4934  Vd""P  ■=■      VCC  -=- 

 L — * — i 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


1 


ti  Adjusted  to 
Obtain  lC 

Lco.i"Cp|.' 


Test  fc  qu  i  Dm  an  T 
Scope  -  Taktfonim 
475  or  Equivalant 


FIGURE  11  -  THERMAL  RESPONSE 


■in  "0JC 

.Ti.nL.  ■  Tr  =  P.-uRa  if.lt. 

0.01 
0.01 


0.1 


t.TIMEIms) 
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VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTSI 


!  13  -  RBSOA,  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 


Vh 

f  Lai 

-2 

o  7  V 

IC/IB220 

Tj 

SHU 

»l 



FO 

R  M, 

8504 

RBSO 

A 

LIMIT  IS  200  VOLTS  LESS 
1       1       1       1  I 

200  400  600  800         1000  1200 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTSI 


SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc_vCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  12  is  based  on  Tc  =  25°C,  Tj(p|<| 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  1q  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  14. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to 
a  safe  level  at  or  below  a  specific  value  of  collector  cur- 
rent. This  can  be  accomplished  by  several  means  such  as 
active  clamping,  RC  snubbing,  load  line  shaping,  etc.  The 
safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  13 
gives  the  complete  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 
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Designer's  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 

The  MJ10000  and  MJ10001  darlington  transistors  are  designed 
for  high-voltage,  high-speed,  power  switching  in  inductive  circuits 
where  fall  time  is  critical.  They  are  particularly  suited  for  line 
operated  switch-mode  applications  such  as: 


•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 

100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 
Switching  Times  With  Inductive  Loads  — 

210  ns  Inductive  Fall  Time  (Typ) 
Saturation  Voltages 
Leakage  Currents 


20  AMPERE 
NPN  SILICON 

POWER  DARLINGTON 
TRANSISTORS 

350  and  400  VOLTS 
175  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designer's  Data  Sheet  permits  the  design 
of  most  circuits  entirely  from  the  information 
presented.  Limit  curves  —  representing  bound- 
aries on  device  characteristics  —  are  given  to 
facilitate  "worst  cas 





MAXIMUM  RATINGS 


Rating 

Symbol 

MJ10000 

MJ10001 

Unit 

Collector-Emitter  Voltage 

VcEOIsusI 

350 

400 

Vdc 

Collector-Emitter  Voltage 

VcEX(sus) 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

450 

500 

Vdc 

Emitter  Base  Voltage 

vEB 

8 

Vdc 

Coitector  Current  —  Continuous 

ic 

20 

Adc 

-  Peak  (1) 

'cm 

30 

Base  Current  —  Continuous 

Is 

2.5 

Adc 

-Peak  (11 

IBM 

5 

Total  Power  Dissipation  @  Tfj  ■  25°C 

PD 

175 

Watts 

@  Tc  =  100°C 

100 

Derate  above  25°C 

1 

W/°C 

Operating  and  Storage  Junction 

TjTstg 

-65  to  +200 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 


(11  Pulse  Test:  Pulse  Width  -  5  ms.  Duty  Cycle  <  10%. 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

1 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

°C 

STYLE  1 

PIN  t,  BASE 

2  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIS 

MAX 

MIN 

MAX 

A 

39.3? 

1.550 

B 

21.08 

C 

6  35 

7. 82 

::  25; 

o  yyj 

0 

097 

1.09 

!.  T :  ■ 

'I-: 

t 

1  40 

1.78 

j  ■-■  ■ 

F 

3D  1 

esc 

I.tl 

8SC 

G 

10  9 

BSC 

0.43OBSC 

H 

5. 46  BSC 

0.215  BSC 

J 

16  H 

BSC 

U  !■(,'->  SM. 

K 

11.13 

I  -  19 

0  440  1  0  480 

0 

3  81 

4.19 

0  ISO    0 165 

R 

T.050 

U 

1  So 

533 

Ul^L      Li}  lu- 

V 

3.81 

4  19 

CS  1'L  0 

CASE  1-05 
TO-204AA 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  (2) 

Collector-Emitter  Sustaining  Voltage  (Table  1 ) 

(IC  •  250  mA.  IB  =  0,  Vc|arnp  -  Rated  VCE0I  MJ10000 

MJ10001 

vCEO(sus) 

380 
400 

Vdc 

Collector-Emitter  Sustaining  Voltage  (Table  1 ,  Figure  12) 

lC  -  2  A.  Vc|amp  -  Rated  VCEX,  Tc  -  1 00°C  MJ10000 

MJ10001 

IC  -  10  A.  Vc|amp  -  Rated  VCEX,  Tc  -  100°C  MJ10000 

MJ10001 

vCEX(sus) 

400 
450 

275 
325 

Vdc 

Collector  Cutoff  Current 

(VCEV  =  Rated  va|ue.  vBE(off)  "  15  Vdc' 

IVpFV  =  Rated  Value,  VRFI„ff|  =  1.5  Vdc.Tn  -  150°C) 

ICEV 

0.25 
5 

mAdc 

Collector  Cutoff  Current 

(VCE  "  Rated  Vr.EV.  RBE  =  50  n.  Tc  -  100°C) 

ICER 

5 

mAdc 

Emitter  Cutoff  Current 
(VEB=8Vdc.  lc-0) 

lEBO 

150 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

is/b 

See  Figure  11 

Adc 

ON  CHARACTERISTICS  (2) 

DC  Current  Gain 

(IC  =  5  Adc,  VCE  =  5  Vdc) 
Uc  =  10Adc,VrF=5Vdc) 

"FE 

50 
40 

600 
400 

Collector-Emitter  Saturation  Voltage 
(lc  -  10  Adc,  lB  -  400  mAdc) 
(lc  =  20  Adc,  lB  =  1  Adc) 
(Ir-  =  10  Adc,  Ir  -  400  mAdc,  Jr.  =  100°C) 

VcE(sat) 

1.9 
3 
2 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  10  Adc.  IB  =400  mAdc) 
(IC  -  10  Adc,  lB  =400  mAdc,  Tc  =  100°C) 

vBE(sat) 

2.5 
2.5 

Vdc 

Diode  Forward  Voltage  (1) 
(lF  =  10  Adc) 

Vf 

3 

5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

(Ir.  -  10  Adc,  Vr.F  =  10  Vdc,  f,„,  -  1  MHz) 

'hfel 

10 

Output  Capacitance 

(VCB  -  10  Vdc.  IE  =  0,  ftest  =  100  kHz) 

Cob 

100 

325 

PF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

(Vcc  -  250  Vdc,  lc  =  10  A, 
Rise  Time                lB1  =  400  mA,  VBEIoff>  -  5  Vdc,  tp  -  50  Ms, 
Storage  Time           Duty  Cycle  <.  2%). 
Fall  Time 

td 
tr 

H 
tf 

0.12 
0.20 
1.5 
1.1 

0.2 
0.6 
3.5 
2.4 

MS 
M» 
MS 
MS 

Inductive  Load.  Clamped  (Table  1) 

Storage  Time          (lc  -  10  A(pk).  VC|arnp  =  Rated  VCEX.  i B1  "  400  mA- 
Crossover  Time         vBE(off)  ■  5  Vdc,  Tc  =  100°C) 

lsv 
'c 

3.5 
1.5 

5.5 
3.7 

MS 
MS 

Storage  Time          (lc  =  10  A(pk),  Vdamp  «  Rated  VCEX,  lB1  -  400  mA. 
Crossover  Time         vBE(off)  =  5  vdc.  TC  =  25°C) 

<tv  . 
tc 

1.0 
0.7 

MS 
MS 

(1 )  The  internal  Collector-to-Emitter  diode  can  eliminate  the  need  for  an  external  diode  to  clamp  inductive  loads. 
Tests  have  shown  that  the  Forward  Recovery  Voltage  (Vf )  of  this  diode  is  comparable  to  that  of  typical  fast 
recovery  rectifiers. 

(2)  Pulse  Test:  Pulse  Width  =  300  ms.  Duty  Cycle  <  2%. 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


vCE01«j«! 


vCEXtsus!  AND  INDUCTIVE  SWITCHING 


Adjust  R1  1 


Duty  Cycle  *  3* 


Q1  2N2907 

Q2  2N2222 

Q3  2 N 3762 

Q4  MJE210 

Q5  MJE200 

D1  1N914 

D2  1N914 

D3  1N914 


Lcoil-  10mH  VCC=  10V 
Rcoil  -  0.7  n 
vc!amp-  vCEO(*us) 


Lcoj,  =  180 
Rcoil  =  0  05  SI 
VCC  =20V 


Velar 


,  ■  Rated  VCEX  Value 


Vcc  =  250  \ 
RL  =  25  H 


INDUCTIVE  TESTCIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


'Clptri 


VCE  1  VCE  or 


ti  Adjusted  to 
tf  Clamped  Obtain  lc 

tf  Undamped  *  t2 

l-co.l  "Cpk' 


vctamp 

Test  Equipment 
Scope-Tektronix 
475  or  Equivalent 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


SWITCHING  TIMES  NOTE 

In  resistive  switching  circuits,  rise,  fall,  and  storage  times 
have  been  defined  and  apply  to  both  current  and  voltage 
waveforms  since  they  are  in  phase.  However,  for  inductive 
loads  which  are  common  to  SWITCHMODE  power 
supplies  and  hammer  drivers,  current  and  voltage  wave- 
forms are  not  in  phase.  Therefore,  separate  measurements 
must  be  made  on  each  waveform  to  determine  the  total 
switching  time.  For  this  reason,  the  following  new  terms 
have  been  defined. 

tsu  =  Voltage  Storage  Time,  90%  Iri  to  10%  Vc|amp 

tru  -  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  =  Current  Fall  Time,  90-10%  lc 

tt;  =  Current  Tail,  10-2%  Iq 

tc  ■  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  turn-off  waveforms  is  shown  in 
Figure    7  to  aid  in  the  visual  identity  of  these  terms. 
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SWITCHING  TIMES  NOTE  (continued) 


For  the  designer,  there  is  minimal  switching  loss  during 
storage  time  and  the  predominant  switching  power  losses 
occur  during  the  crossover  interval  and  can  be  obtained 
using  the  standard  equation  from  AN-222: 
PSWT=  1/2VCC'C(tc)f 


In  general,  trv  +  tfi  -  tc.  However,  at  lower 
test  currents  this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  benchmark 
for  designers.  However,  for  designers  of  high  frequency 
converter  circuits,  the  user  oriented  specifications  which 
make  this  a  "SWITCHMODE"  transistor  are  the  inductive 
switching  speeds  (tc  and  tsv)  which  are  guaranteed  at 
100°C. 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  8  -  TURN-ON  TIME 


FIGURE  9  -  TURN-OFF  TIME 


0.7 
3  0.5 

5 

ft 

-'  0.3 
0.2 

0.1 


1 

vcc 

IC/lB 

■5V  — 
=  250V 
■25 

Tj  -  26°C 

2  3  5         7  10 

IC,  COLLECTOR  CURRENT  (AMP) 


Is 

V 

BFIoHl  - 

5V 

!50V" 
25 

25°C 

vcc- 

"C'lB  = 

Tj" 

2  3  5         7         10  20 

IC,  COLLECTOR  CURRENT  (AMP) 


FIGURE  10  -  THERMAL  RESPONSE 
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The  Safe  Operating  Area  figures  shown  in  Figures  11  and  12  are 
I  r«i„,  for  «,«.*.»».. 


FIGURE  11  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


6         10  20  40      60       100  200 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  12  -  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 


100  200  300 

VCE.  COLLECTOR  EMITTER  VOLTAGE  I 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc-VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e..  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  11  is  based  on  Tc  =  25°C;  Tj(p|<) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  11  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  13. 

Tj(p(<)  may  be  calculated  from  the  data  in  Figure  10. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to  a 
safe  level  at  or  below  a  specific  value  of  collector  current. 
This  can  be  accomplished  by  several  means  such  as  active 
clamping,  RC  snubbing,  load  line  shaping,  etc.  The  safe 
level  for  these  devices  is  specified  as  Vqex(sus)  at  a  given 
collector  current  and  represents  a  voltage-current  condi- 
tion that  can  be  sustained  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Fig- 
ure 12  gives  the  complete  reverse  bias  safe  operating  area 
characteristics. 


FIGURE  13  -  POWER  DERATING 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 

The  MJ10002  and  MJ10003  darlington  transistors  are  designed 
for  high-voltage,  high-speed,  power  switching  in  inductive  circuits 
where  fall  time  is  critical.  They  are  particularly  suited  for  line 
operated  switch-mode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 

100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads  - 

140  ns  Inductive  Fall  Time 
Saturation  Voltages 
Leakage  Currents 


10  AMPERE 
NPN  SILICON 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ10002 

MJ10003 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

350 

400 

Vdc 

Collector-Emitter  Voltage 

VcEXIsusI 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

450 

500 

Vdc 

Emitter  Base  Voltage 

VEB 

8.0 

Vdc 

Collector  Current  —  Continuous 
-  Peak  (11 

ic 

'CM 

10 
20 

Adc 

Base  Current  -  Continuous 
-PeakU) 

Ib 
Ibm 

2.5 
5.0 

Adc 

Total  Power  Dissipation  S>  Tc  »  25°C 
S>  Tc  =  100°C 

Derate  above  25°C 

Pd 

150 
100 
0.86 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

1.17 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

11)  Pulse  Test:  Pulse  Width  -  5.0  ms.  Duty  Cycle  <S  10%. 

POWER  DARLINGTON 
TRANSISTORS 

350  and  400  VOLTS 
150  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per 
mits  the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  —  representing 
device  characteristics  boundaries  — 
are  given  to  facilitate  "worst  case" 
design. 


PIN  I.  BASE 

2.  EMITTER 
CASE  COLLECTOR 


NOTES: 

1  DIMENSIONS  0  AND  V  ARE  OATUMS. 

2.  QD  IS  SEATING  PLANE  AND  DATUM 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0  

|  »  |  H3I0.MSI®  [  T  |V®  | 

FOB  LEADS:  

|  ♦  |  H3[Q.00SI@T  |  V@|  0®| 
4  DIMENSIONS  AND  TOLERANCES  PER 


DIM 

MILLIMETERS 

INCHES 

MIN 

MfiX 

MIN 

MAX 

a 

393! 

i  sn 

B 

21.08 

■;,?.:-, : 

C 

6.35 

7.62 

0.3HU 

D 

I)  il 

1.09 

1  0  IFi 

l! 

E 

1  40 

1.78 

D  m 

oo;o 

F 

50  i 

BSC 

1  13 

BSC 

G 

1 0.9 

BSC 

0  430  BSC 

5.4 

0  215  BSC 

J 

IB  8 

BSC 

K 
1 

H 

Q  7QC 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  olherwise  noted) 

Characteristic                                               [    Symbol      |      Min             Typ       |      Max      |       Unit  | 
OFF  CHARACTERISTICS  (2) 

Collector-Emitter  Sustaining  Voltage  (Table  1 1 

(IC  =  250  mA,  lB  =  0.  Vclamp  =  Rated  VCE0)  MJ10002 

MJ10003 

vCE0(susl 

350 
400 

Vdc 

Collector-Emitter  Sustaining  Voltage  (Table  1 ,  Figure  1  2) 

llc  =  1.0  A,  Vc|amp  =  Rated  VCEX.  Tc  -  100°CI  MJ10002 

MJ10003 

(IC  =  5.0  A,  Vc|amp  =  R*ted  VCEX.  TC  =  1°0°CI  MJ10002 

MJ10003 

vCEX(sus) 

400 
450 

275 
325 

Vdc 

Collector  Cutofl  Current 

IVcEV  =  Rated  Value.  VBE(off)  -  1.5  Vdc) 

(VCEV  -  R3ted  Value,  V8E(off)  =  1.5  Vdc,  Tc  -  150°C) 

ICEV 

0.25 
5.0 

mAdc 

Collector  Cutoff  Current 

(VCE  =  Rated  VCEV,  RbE  =  50  !1,TC  -  100°CI 

ICER 

5.0 

mAdc 

Emitter  Cutoff  Current 
(VEB«8.0  Vdc,  lc  =  0) 

Iebo 

175 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

IS/b 

See  Figure  1 1 

Adc 

ON  CHARACTERISTICS  (2) 

DC  Current  Gain 

(lc  -  2.5  Adc,  VCE  -  5.0  Vdcl 
(lc  -  5.0  Adc,  VCE  =  5.0  Vdc) 

nFE 

40 

30 

500 
300 

Collector-Emitter  Saturation  Voltage 
(lc  -  5.0  Adc,  lB  =  250  mAdcl 
(lc  -  10  Adc,  Ib  *  1.0  Adc) 
(lc  "  5.0  Adc,  lB  -  250  mAdc,  Tc  -  100°C) 

vCE(sat) 

1.9 
2.9 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  -  5.0  Adc,  lB  =  250  mAdcl 
He  -  5.0  Adc,  Ib  "  250  mAdc,  Tc  =  100°C) 

VBE(satl 

2.5 
2.6 

Vdc 

Diode  Forward  Voltage  (1 1 
dp  =5.0  Adc) 

Vf 

3.0 

5.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

(IC  "  1.0  Adc,  VCE  =  10  Vdc,  ftest  =  10  MHz) 

Ihfel 

10 

Output  Capacitance 

(VCB  =50  Vdc,  lE  -  0,  ftBS,  =  100  kHz) 

cob 

60 

275 

PF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

(Vcc  =  250  Vdc,  lc  =  5.0  A, 
lB1  =  250  mA,  VBE(0ff)  »  5.0  Vdc,  tp  =  50  MS, 
Duty  Cycle  <  2.0%). 

'd 

0.05 

0.2 

MS 

Rise  Time 

0.25 

0.0 

MS 

Storage  Time 

ts 

1.2 

3.0 

MS 

Fall  Time 

tf 

0.6 

1.5 

MS 

Inductive  Load,  Clamped  (Table  1) 

Storage  Time 

(IC  •  5.0  Alpkl,  Vdamp  ■  Rated  VCEX-  *B1  *  250  mA, 
VBE(off)  =  5.0  Vdc,Tc-  100°C) 

lsv 

2.1 

5.0 

MS 

Crossover  Time 

tc 

13 

3.3 

MS 

Storage  Time 

(IC  =  5.0  A(pk),  Vdamp  =  Rated  VCEX,  lB1  =  250  mA, 
VBE(off)  "5.0  Vdc,  TC  =  25°C) 

tsv 

0.92 

MS 

Crossover  Time 

tc 

0.5 

MS 

(1 1      The  internal  Collector-to-Emitter  diode  can  eliminate  the  need  for  an  external  diode  to  clamp  inductive  loads. 

Tests  have  shown  that  the  Forward  Recovery  Voltage  (Vf)  of  this  diode  is  comparable  to  that  of  typical 

fast  recovery  rectifiers. 
(21      Pulse  Test:  Pulse  Width  -  300  Ms,  Duty  Cycle  <  2%. 
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DC  CHARACTERISTICS 

FIGURE  1  -  DC  CURRENT  GAIN  FIGURE  2  -  COLLECTOR  SATURATION  REGION 


0.1  0.2     0.3       0.5   0.7      I  2       3         6      7     10  10  20     30        50    70    100         200    300       500  700  Ik 

IC.  COLLECTOR  CURRENT  (AMP)  Ig.  BASE  CURRENT  (mAI 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


vceo<».s> 


vCEXIsui]  AN°  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


Adjust  HI  to  obtain  a  forced  hFe  =  20  - 
T0.35T 


Pulse  VVdih 

obtain  specified 
lc  (Resistive 
Switching. 


Outv  Cycle  <  3% 


Q^  2N2907 

Q2  2N2222 

Q3  2IM3762 

Q4  MJE210 

Q5  MJE200 

Dl  1N914 

02  1N914 

D3  1N914 


Leoil-  180mH 

Rcoil  =  0  05  !i  vclamD  =  Ra'ed  VCEX  Value 
Vcc  =  20  V 


e  Width  =  50  U 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


1 1  Adjusted  to 
Obtain  IC 


it  Clamped 

tf  Undamped  *  t2 

\  .  , 

"\—  lc.,1  MC  I 

•a*  v  . 


■-CO.I  "Cel.' 
VCC 


Tim.  L-tT-eJ 


Test  Equipment 
Scope  Tektronix 
476  or  Equivalent 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 
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SWITCHING  TIMES  NOTE 

In  resistive  switching  circuits,  rise,  fall,  and  storage  times 
have  been  defined  and  apply  to  both  current  and  voltage 
waveforms  since  they  are  in  phase.  However,  for  inductive 
loads  which  are  common  to  SWITCHMODE  power 
supplies  and  hammer  drivers,  current  and  voltage  wave- 
forms are  not  in  phase.  Therefore,  separate  measurements 
must  be  made  on  each  waveform  to  determine  the  total 
switching  time.  For  this  reason,  the  following  new  terms 
have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Iri  to  10%  Vc|amp 

tn,  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  =  Current  Fall  Time,  90-10%  Ic 

ttj  =  Current  Tail,  10-2%  Iq 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  Ic 
An  enlarged  portion  of  the  turn-off  waveforms  is  shown  in 
Figure    7  to  aid  in  the  visual  identity  of  these  terms. 
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SWITCHING  TIME  NOTES  (continued) 


For  the  designer,  there  is  minimal  switching  loss  during 
storage  time  and  the  predominant  switching  power  losses 
occur  during  the  crossover  interval  and  can  be  obtained 
using  the  standard  equation  from  AN-222: 
PSWT  =  1/2VcclC<tc>f 
In  general,  trv  +  tfj  —  tc.  However,  at  lower 
test  currents  this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°Cand  has  become  a  benchmark 
for  designers.  However,  for  designers  of  high  frequency 
converter  circuits,  the  user  oriented  specifications  which 
make  this  a  "SWITCHMODE"  transistor  are  the  inductive 
switching  speeds  (tc  and  tsvl  which  are  guaranteed  at 
100°C. 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  8  -  TURN-ON  TIME 


FIGURE  9  -  TURN-OFF  TIME 
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MJ10002,  MJ10003 


The  Safe  Operating  Area  figures  shown  in  Figures  11  and  12  are 
specified  ratings  for  these  devices  under  the  test  conditions  shown. 


FIGURE  11  —  ACTIVE -REG  I  ON  SAFE  OPERATING  AREA 
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FIGURE  12  -  REVERSE  BIASED  SWITCHING 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  junction  temperature  and  second  break 
down.  Safe  operating  area  curves  indicate  \q— Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  11  is  based  on  Tq  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 1  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  13. 

"Tj(pk)  may  be  calculated  from  the  data  in  Figure  10. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to  a 
safe  level  at  or  below  a  specific  value  of  collector  current. 
This  can  be  accomplished  by  several  means  such  as  active 
clamping,  RC  snubbing,  load  line  shaping,  etc.  The  safe 
level  for  these  devices  is  specified  as  Vqex{sus)  at  a  given 
collector  current  and  represents  a  voltage-current  condi- 
tion that  can  be  sustained  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Fig- 
ure 12  gives  the  complete  reverse  bias  safe  operating  area 
characteristics. 


FIGURE  13  -  POWER  DERATING 
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MJ10004 
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Designers  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  MJ10004  and  MJ10005  darlington  transistors  are  designed 
for  high-voltage,  high-speed,  power  switching  in  inductive  circuits 
where  fall  time  is  critical.  They  are  particularly  suited  for  line  oper- 
ated switchmode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

40  ns  Inductive  Fall  Time  -  25°C  (Typ) 

650  ns  Inductive  Storage  Time  -  25°C  {Typ) 
Operating  Temperature  Range  -65  to  +200°C 
1Q0°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ 10004 

MJ  1 0005 

Unit 

Collector-Emitter  Voltage 

vCEOIsusl 

350 

400 

Vdc 

Collector-Emitter  Voltage 

vCEXIsusl 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

450 

500 

Vdc 

Emitter  Base  Voltage 

VEB 

8  0 

Vdc 

Collector  Current  -  Continuous 
-  Peak  (11 

'C 
>CM 

20 
30 

Adc 

Base  Current  -  Continuous 
-  Peak  11) 

IB 

>BM 

2.5 
5.0 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
(?  Tc  ■  100°C 

Derate  above  25°C 

PD 

175 
100 

1.0 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TjTstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Mix 

Unit 

Thermal  Resistance.  Junction  to  Case 

Rejc 

1.0 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

°C 

(1)  Pulse  Test:  Pulse  Width  <*  5.0  ms.  Duty  Cycle  <  10%. 


20  AMPERE 
NPN  SILICON 

POWER  DARLINGTON 
TRANSISTORS 

350  and  400  VOLTS 
175  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per 
mits  the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  —  representing 
device,  characteristics  boundaries  — 
are  given  to  facilitate  "worst  case" 
design. 


STYLE  1 

PIN  I.  BASE 

2.  EMITTER 
CASE  COLLECTOR 

NOTES: 

1.  DIMENSIONS  0  AND  V  ARE  OATUMS 
2  [T]  'S  SEATING  PLANE  AND  DATUM. 
3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q: 

|  ♦  |  tmooosi®  |  t  |v©l 


|  ♦  |  I.I3IDD05IQT  |  V0|  0Q| 
*  DIMENSIONS  AND  TOLERANCES  PER 


ANSI 

Y14.5. 

973. 

MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

8 

J1.3: 

C 

6.35 

7 .62 

0.250 

0.300 

D 

o  37 

1.09 

0.038 

0.Q43 

fc 

1.40 

1.78 

ii.JV 

3  07u 

F 

30.1 

esc 

1.18 

BSC 

G 

103 

8SC 

0  430  BSC 

H 

5 .46  BSC 

0215  BSC 

J 

16  B« 

BSC 

0.665  BSC 

K 

11.18 

u  11 

IJ  1413 

i)  -  ifli 

Q 

3  61 

4.19 

0. 1  50 

0.165 

P 

26.67 

B 

4  83 

533 

0  190 

V 

3.B1 

*  19 

0  150 

0  I6S 

CASE  1-05 


MJ10004.  MJ10005 


■ 


ELECTRICAL  CHARACTERISTICS  ITC    2S°C  unless  otherwise  noted) 

Characteristic  |     Symbol    |        Min  Typ      |       Max  ~  Unit 

OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  1) 

<1C  =  250  mA.  IB  .  0.  Vdamp  =  Rated  VCEOl  MJ10004 

MJ 10005 

vCE0(susl 

350 
400 

Vdc 

Collector  Emitter  Sustaining  Voltage  (Table  1,  Figure  121 

He  -  2.0  A.  Vdamp  -  Rated  VCEX.  TC  =  100°C)  MJ10004 

MJ10005 

(IC  =  10  A.  Vdamp  =  Rated  VCEX.  Tc  -  100°CI  MJ10004 

MJ10005 

vCEX(susl 

400 
450 

275 
325 

Vdc 

Collector  Cutoff  Current 

IVCEV  °  Ra,ed  Value.  VBE(0ff|  ■  1  5  Vdcl 

IVCEV  ■  Rated  Value.  VBE(of|)  ■  1.5  Vdc.  Tc  -  150°CI 

>CEV 

0.25 
5.0 

mAdc 

Collector  Cutoff  Current 

(VCE  I  Rated  VCEV,  RBE  =  SO  U.  Tc  «  100°CI 

ICER 

5.0 

m  Adc 

Emitter  Cutoff  Current 
(VEB  -  2.0  Vdc,  lc  =  01 

lEBO 

175 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  base  forward  biased  ls/b  See  Fi9ure  11 


ON  CHARACTERISTICS  (21 


DC  Current  Gain 

(lc  "  5.0  Adc,  VCE  =  5.0  Vdcl 
(lc  =  10  Adc,  VCE  *  5.0  Vdc) 

nFE 

50 
40 

600 
400 

Collector  Emitter  Saturation  Voltage 
(lc  =  10  Adc.  IB  ■  400  mAdc! 

(lc  =  20  Adc.  Is  =  1.0  Adc) 

llc  •  10  Adc.  IB  =  400  mAdc.  Tc  =  100°C) 

vCE(satl 

1.9 
3.0 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  10  Adc.  IB  -  400  mAdc) 
(lc  "  10  Adc.  IB  -  400  mAdc.  Tc  =  100°C) 

vBE(satl 

2.5 
2.5 

Vdc 

Diode  Forward  Voltage  (l) 
(lF  =  10  Add 

Vf 

3.0 

5.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

(lc=  1.0  Adc,  VCE  =  10  Vdc,  ftest  -  1.0  MHz) 

lhfel 

10 

Output  Capacitance 

(VCB  -  10  Vdc.  IE  -  0.  ftest  -  100  kHz) 

C0b 

100 

325 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

IVcc  -  250  Vdc.  IC  "  10  A, 
lBl  "  400  mA.  VBE(ciff)  -  5.0  Vdc,  tB  =  50  us. 
Duty  Cycle  2%). 

<d 

0.12 

0.2 

US 

Rite  Time 

'r 

0.2 

0.6 

MS 

Storage  Time 

<s 

0  6 

1.5 

MS 

Fall  Time 

<f 

0.15 

0.5 

MS 

Inductive  Load.  Clamped  (Table  1) 

Storage  Time 

(IC-  10  Alpkl,Vc|amp  =  Rated  VCEX.  lBi  -  400  mA. 
VBEIoff)  -  5  0  Vdc,  TC  =  100°CI 

<sv 

1.0 

2.5 

MS 

Crossover  Time 

'c 

0.4 

1.5 

MS 

Storage  Time 

(lc=  10  A(pk).Vc|amp«  Rated  Vcex.Ibi  "400  mA. 
vBEIoff)  "  5.0  Vdc,  TC  -  25°C) 

'sv 

0.65 

MS 

Crossover  Time 

tc 

0.2 

MS 

(1)  The  internal  Collector- to-Em it ter  diode  can  eliminate  the  need  for  an  external  diode  to  clamp  inductive  loads. 
Tests  have  shown  that  the  Forward  Recovery  Voltage  (Vf  J  of  this  diode  is  comparable  tc  that  of  typical  fast 
recovery  rectifiers. 

(2)  Pulse  Test:  PW  =  300  Ms,  Duty  Cycle  *S  2%. 
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MJ10004.  MJ10005 
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MJ10004,  MJ10005 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


vCEOUu*l 


vCEXUu!>  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


n  a  forced  (ipg  »  25  - 


PW  Varied  to  Attain 
IC  ■  250  mA 


Dutv  Cycle  «  3% 


Q1  2N2907 

02  2N2222 

03  2N3762 
QA  MJE210 
Q5  MJE200 
D1  1N9S4 
D2  1N914 
03  1N914 


vcl«mp  '  vCEOIiuil 


Lco.l  =  '80mH 

RCO(I  =  005II  Vdamp  Rated  VCEX  Value 
VCC  -  20  V 


VCC  =  250  V 

rl-  25  n 

PuiteW.dm  =  50  lit 


INDUCTIVE  TEST'CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


1 1  Adjusted  to 
Obtam  lc 


Detailed  Cond 


Test  Equipment 
Scope  Tektronix 
475  or  Equivalent 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage  times 
have  been  defined  and  apply  to  both  current  and  voltage 
waveforms  since  they  are  in  phase.  However,  for  inductive 
loads  which  are  common  to  SWITCHMODE  power 
supplies  and  hammer  drivers,  current  and  voltage  wave- 
forms are  not  in  phase.  Therefore,  separate  measurements 
must  be  made  on  each  waveform  to  determine  the  total 
switching  time.  For  this  reason,  the  following  new  terms 
have  been  defined. 

tsu  =  Voltage  Storage  Time,  90%  Iri  to  10%  Vc|amp 

tru  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  i  Current  Fall  Time,  90-10%  Iq 

ttj  f  Current  Tail,  10-2%  Iq 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  \q 
An  enlarged  portion  of  the  turn-off  waveforms  is  shown  in 
Figure    7  to  aid  in  the  visual  identity  of  these  terms. 


3-805 


MJ 10004,  MJ10005 


TYPICAL  CHARACTERISTICS 

SWITCHING  TIME  NOTES  (continued) 

For  the  designer,  there  is  minimal  switching  loss  during 
storage  time  and  the  predominant  switching  power  losses 
occur  during  the  crossover  interval  and  can  be  obtained 
using  the  standard  equation  from  AN-222: 
PSWT=  1/2VCClC<tc)f 

In  general,  trv  +  tf j  *■  tc.  However,  at  lower 
test  currents  this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  benchmark 
for  designers.  However,  for  designers  of  high  frequency 
converter  circuits,  the  user  oriented  specifications  which 
make  this  a  "SWITCHMODE"  transistor  are  the  inductive 
switching  speeds  ltc  and  tsvl  which  are  guaranteed  at 
100°C 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  8  -  TURN-ON  TIME 


FIGURE  9  -  TURN  OFF  TIME 
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FIGURE  10  -  THERMAL  RESPONSE 


MJ10004.  M J 10005 


The  Safe  Operating  Area  figures  shown  in  Figures  11  and  12  are 
specified  ratings  for  these  devices  under  the  test  c 


FIGURE  1 1  -  FORWARD  BIAS  SAFE  OPERATING  AREA 
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FIGURE  12  -  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Iq— VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  11  is  based  on  Tq  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Jq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  11  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  13. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  10. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to  a 
safe  level  at  or  below  a  specific  value  of  collector  current. 
This  can  be  accomplished  by  several  means  such  as  active 
clamping,  RC  snubbing,  load  line  shaping,  etc.  The  safe 
level  for  these  devices  is  specified  as  Vqex(sus)  at  a  9iven 
collector  current  and  represents  a  voltage-current  condi- 
tion that  can  be  sustained  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Fig- 
ure 12  gives  the  complete  reverse  bias  safe  operating  area 
characteristics. 


FIGURE  13  -  POWER  DERATING 
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Designers  Data.  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE  EMITTER  SPEEDUP  DIODE 

The  MJ10006  and  MJ10007  darlington  transistors  are  designed 
for  high-voltage,  high  speed,  power  switching  in  inductive  circuits 
where  fall  time  is  critical.  They  are  particularly  suited  for  line  oper- 
ated switchmode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

30  ns  Inductive  Fall  Time  -  25°C  (Typ) 
500  ns  Inductive  Storage  Time  -  25°C  (Typ)  ) 
Operating  Temperature  Range  -65  to  +200°C 
100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 
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MAXIMUM  RATINGS 


Rating 

Symbol 

MJ10006 

MJ 10007 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

350 

400 

Vdc 

Collector-Emitter  Voltage 

VcEXIsusI 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

450 

500 

Vdc 

Emitter  Base  Voltage 

VEB 

8.0 

Vdc 

Collector  Current  -  Continuous 
-  Peak  (11 

ic 

'CM 

10 
20 

Adc 

Base  Current  -  Continuous 
-  Peak  (1) 

IB 

2.5 
5.0 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
S>  TC  =  100°C 

Derate  above  25°C 

Pd 

150 
100 
0  86 

Wans 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R6JC 

1.17 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

T  L 

275 

°C 

(1)  Pulse  Test:  Pulse  Width  =  5.0  ms.  Duty  Cycle  <  10%. 


POWER  DARLINGTON 
TRANSISTORS 

350  AND  400  VOLTS 
150  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 


STYLE  i 

PIN  1,  BASE 

2.  EMITTER 
CASE  COLLECTOR 

NOTES 

1.  DIMENSIONS  Q  AND  V  ARE  DATUMS 

2.  GD  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q 

1  ♦  |  natMOM©  1  t  |v©1 

FOR  LEADS  

|   »  |  H3  10.005)©  T  ]  V®  |  Q@| 

4.  DIMENSIONS  AN0  TOLERANCES  PER 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

M"AX 

A 

:-<] 

1  550 

1 

21.08 

0  S30 

C 

6.35 

7.62 

0300 

D 

0.9! 

1.09 

:  ilik 

0.043 

E 

1.40 

178 

1  ns. 

0!i  id 

F 

30  1 

BSC 

1  IS 

BSC 

■ 

10  92  BSC 

0.430  BSC 

H 

5  46  BSC 

0  216  BSC 

J 

16  89  BSC 

0  665  BSC 

K   1  I11S 

12.19 

0  440 

0.430 

Q 

3.81 

-1  13 

0  150 

O.'.li', 

R 

26.S7 

1.050 

U 

4.B3 

5.33 

0  190 

0210 

V 

3.81 

4  19 

0  150 

0165 

CASE  1-05 
TO-204AA 
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ELECTRICAL  CHARACTERISTICS  ITC  -  25°c  unless  otherw.se  noted) 


Characteristic                                               |    Symbol     |       Min             Typ      |       Mix        |  Unit 
OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1) 

llc  =  250  mA.  IB  -  0.  Vc|amp  -  Rated  VCE0)  MJ10006 

MJ10007 

VcEOIsus) 

360 
400 

Vdc 

Collector-Emitter  Sustaining  Voltage  {Table  1 ,  Figure  1 21 

H'C  "  1  A,  Vclamp  »  Rated  VCEX.  Tc  -  100°C)  MJ10006 

MJ10007 

(IC  -  5  A.  Vc|amp  -  Rated  VCEX.  TC  ■  100°C)  MJ10006 

MJ10007 

VcEXIsus) 

400 
450 

275 
325 

Vdc 

Collector  Cutofl  Current 

IVCEV  *  Rated  Value,  VBE|0ff|  =  1 .5  Vdc) 

IVCEV  ■  Rmed  Value,  VBE(off)  =  1.5  Vdc,  Tc  ■  150°C) 

'CEV 

0.25 
5.0 

mAdc 

Collector  Cutoff  Current 

IVCE  =  Rated  VCEV,  RBE  -  50  SI.  Tc  -  100°CI 

!CER 

5.0 

mAdc 

Emitter  Cutoff  Current 
(VEB«2  Vdc.  lc-0) 

'EBO 

175 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased                            ls/b                         See  Figure  11 

ON  CHARACTERISTICS  (2) 

DC  Current  Gain 

IIC  -  2.5  Adc,  VCE  "  5.0  Vdcl 
He  "  5.0  Adc,  VCe  -  5.0  Vdcl 

nFE 

40 

30 

500 
300 

Collector  Emitter  Saturation  Voltage 
(lc  =  5.0  Adc,  lB  =  260  mAdcl 
(IC  f  10  Adc,  lB  =  1.0  Adc) 
He  -  5.0  Adc,  lB  =  250  mAdc,Tc  ■  100°CI 

VcE(sat) 

1.9 
2.9 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  -  5.0  Adc.  IB  -  250  mAdc) 
(lc  =  5.0  Adc.  IB  -  250  mAdc,  Tc  -  100°C) 

VBElsat) 

2.5 
2.5 

Vdc 

Diode  Forward  Voltage  (1) 
(lF  -  5.0  Adc) 

V, 

3.0 

5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

(lC=  1-0  Adc,  VCE  -  10  Vdc,ftest  =  1.0  MHz) 

lnfel 

10 

Output  Capacitance 

(VCB  =  10  Vdc.  IE  -  0,  f  ,est  =  10"  kH*l 

cob 

60 

275 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  ITable  1) 

Delay  Time 

(VCC  =  250  Vdc,  lc  =  5.0  A, 
lB1  =  250  mA,  VBE(off)  =  5.0  Vdc,  tp  =  50  Ms ,. 
Duty  Cycle  t  2.0%). 

<d 

0.06 

0.2 

MS 

Rise  Time 

'r 

0.25 

0.6 

MS 

Storage  Time 

's 

0.5 

1.5 

MS 

Fall  Time 

H 

0.06 

0.5 

MS 

Inductive  Load,  Clamped  ITable  1 ) 

Storage  Time 

Ilc  =  5.0  A(pk),  Vc|amp  =  Rated  VCEX.  <B1  =  250  mA, 
vBE(off)  *  5.0  Vdc,  TC  -  100°CI 

■sv 

0.8 

2.0 

MS 

Crossover  Time 

»c 

0.6 

1.5 

MS 

Storage  Time 

llc  -  5.0  Alpkl,  Vdamp  -  Rated  VCEX,  IB1  -  250  mA, 
VBE(off)  =  5.0  Vdc,  TC  =  25°C) 

'sv 

0.5 

MS 

Crossover  Time 

'c 

0.3 

MS 

(1 )  The  internal  Collector -to-Emitter  diode  can  eliminate  the  need  for  an  external  diode  to  damp  inductive  loads. 
Tests  have  shown  that  the  Forward  Recovery  Voltage  (Vf )  of  this  diode  is  comparable  to  that  of  typical 

fast  recovery  rectifiers. 

(2)  Pulse  Test:  PW  =  300  n%,  Duty  Cycle  <  2%. 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION  FIGURE  6  -  OUTPUT  CAPACITANCE 


VBE.  BASE  EMITTER  VOLTAGE  (VOLTS)  VR.  reverse  VOLTAGE  (VOLTSI 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


vCEOI.ml 


"CEXI.u.l  ' 


Adjust  Rl  to  obtain  a  forced  hpE  =  20  - 


> — V\A— 
20 


15 


PuI»b  Width 
•djuttM  to 
Obta-n  ipeot  me 
lc  IRatufve 
Switching. 
Pul«  Width 
■  50  jit) 


Duty  Cycle  "5  3% 


35 

5  < 

o  > 


Lcoil  "  10  mH  vcc  "  10  v 

Rcoi,  -  0  7  n 

vciwnp  "  vCEO(lot) 


Leo,,  -  ISOmH 
(0  ■  500  tcHr 


VCC  ■  250  V 

R|_  -  so  n 


INDUCTIVE  TEST  CIRCUIT  OUTPUT  WAVE  FORMS 


RESISTIVE  TEST  CIRCUIT 


i  ]  Adjusted  to 
Obtain  if; 


Test  Equipment 
Scope  Tektronix 
475  or  Equipment 


FIGURE  7- 


INDUCTIVE  SWITCHING  MEASUREMENTS 


ic  

~  1 

s 

0»"cl«r 

p  J 

1       '  "damp 
V90SIC  I 
\     I  1 

— 1» 

»ltv 

i 

—  lc-\ 

Vcllmp- 

7* 

in 

im 

v..  

'B   

m 

<  1 B  1 

p 

-ic 

'c 

SWITCHING  TIMES  NOTE 

In  resistive  switching  circuits,  rise,  fall,  and  storage  times 
have  been  defined  and  apply  to  both  current  and  voltage 
waveforms  since  they  are  in  phase.  However,  for  inductive 
loads  which  are  common  to  SWITCHMODE  power 
supplies  and  hammer  drivers,  current  and  voltage  wave- 
forms are  not  in  phase.  Therefore,  separate  measurements 
must  be  made  on  each  waveform  to  determine  the  total 
switching  time.  For  this  reason,  the  following  new  terms 
have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Iri  to  10%  Vc|amp 

tru  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  =  Current  Fall  Time,  90-10%  Ic 

t,j  =  Current  Tail,  10-2%  \q 

tc  =  Crossover  Time,  10%  Vc|arnp  to  10%  Iq 
An  enlarged  portion  of  the  turn-off  waveforms  is  shown  in 
Figure   7   to  aid  in  the  visual  identity  of  these  terms. 
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SWITCHING  TIME  NOTES  (continued) 

For  the  designer,  there  is  minimal  switching  loss  during 
storage  time  and  the  predominant  switching  power  losses 
occur  during  the  crossover  interval  and  can  be  obtained 
using  the  standard  equation  from  AN-222: 
PSWT  =  1/2  Vcc'cCcM 

In  general,  trv  +  tfj  —  tc.  However,  at  lower 
test  currents  this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  2EPC  and  has  become  a  benchmark 
for  designers.  However,  for  designers  of  high  frequency 
converter  circuits,  the  user  oriented  specifications  which 
make  this  a  "SWITCHMODE"  transistor  are  the  inductive 
switching  speeds  (tc  and  tsv)  which  are  guaranteed  at 
100°C 

RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  8  -  TURN-ON  TIME 


FIGURE  9  -  TURN-OFF  TIME 


0.2     0.3       0.5    0.7    1  2       3  5 

IC,  COLLECTOR  CURRENT  (AMP) 


0.07 
0.05 


VBE(off)  1  5  V 

VCC  "  250  V 

lBi  "  250  mA 

Tj  •  25°C 


0.1  0.2     0.3       0.5   0.7     I  2  3 

lc.  COLLECTOR  CURRENT  (AMP) 


5  7 


FIGURE  10  -  THERMAL  RESPONSE 


I.  TIME  Imsl 
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The  Safe  Operating  Area  figures  shown  in  Figures  11  and  12  are 
specified  ratings  for  these  devices  under  the  test  conditions  shown. 

FIGURE  11  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


10  20  40 

VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  12  -  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 


TURN  OFF  LOAD  LINE 
BOUNDARY  FOR  MJ10007 
THE  LOCUS  FOR  MJ10006 
IS  SO  V  LESS 


100  200  300 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IV0LTSI 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  lunction  temperature  and  second 
breakdown  Safe  operating  area  curves  indicate  l(;-VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  Indicate. 

The  data  of  Figure  1 1  is  based  on  Tc  =  25°C,  Tj{p(<) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 1  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  13. 

TJ(pk)  may  be  calculated  from  the  data  in  Figure  10. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to  a 
safe  level  at  or  below  a  specific  value  of  collector  current. 
This  can  be  accomplished  by  several  means  such  as  active 
clamping,  RC  snubbing,  load  line  shaping,  etc.  The  safe 
level  for  these  devices  is  specified  as  Vcf£X(sus)  at  a  given 
collector  current  and  represents  a  voltage-current  condi- 
tion that  can  be  sustained  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Fig- 
ure 12  gives  the  complete  reverse  bias  safe  operating  area 
characteristics. 


FIGURE  13  -  POWER  DERATING 


'  1  

SEC 

0N0  B 
OER/ 

1EAKD0WN 

TING 

T 

HERMA 

D 

ERATI 

G 

10  80  120 

TC  CASE  TEMPERATURE  l»CI 


3-813 


MJ10008 


® 


MOTOROLA 


Designer's  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  MJ10008  and  MJ1 0009  Darlington  transistors  are  designed 
for  high-voltage,  high-speed,  power  switching  in  inductive  circuits 
where  fall  time  is  critical.  They  are  particularly  suited  for  line  oper-„ 
ated  switchmode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

1.6  lis  (max!  Inductive  Crossover  Time  -  10  A,  100°C 

3.5  in  (max)  Inductive  Storage  Time  -  10  A,  100°C 
Operating  Temperature  Range  -65  to  +200°C 
100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 



20  AMPERE 
NPN  SILICON 

POWER  DARLINGTON 
TRANSISTORS 

450  and  500  VOLTS 
175  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designer's  Data  Sheet  permits  the  design 
of  most  circuits  entirely  from  the  information 
presented.  Limit  curves  —  representing  bound- 
aries on  device  characteristics  —  are  given  to 
facilitate  "worst  case"  design. 











MAXIMUM  RATINGS 

Rating 

Symbol 

MJ10008 

MJ10009 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

450 

500 

Vdc 

Collector-Emitter  Voltage 

VcEXIsus) 

450 

500 

Vdc 

Collector-Emitter  Voltage 

VCEV 

650 

700 

Vdc 

Emitter  Base  Voltage 

veb 

8 

Vdc 

Collector  Current  -  Continuous 
-  Peak  111 

ic 
•cm 

20 
30 

Adc 

Base  Current  -  Continuous 
-  Peak  11) 

Ib 
'bm 

2.6 
5 

Adc 

Total  Power  Dissipation  @>  Tc  -  25°C 
@  TC  -  100°C 

Derate  above  25°C 

Pd 

175 
100 
1 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperature  Range 

TjTstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Thermal  Resistance,  Junction  to  Case 


Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 


Symbol 


R0JC 


(1 )  Pulse  Test:  Pulse  Width  =  5  ms,  Duty  Cycle  <  10%. 


STYLE  1 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MM 

MAX 

MIN 

MAX 

ft 

39  37 

1  BH 

3 

:■ 

. 

C 

i-.':- 

7.62 

o  ;&o 

0  M 

0 

r  ?  i 

1.09 

riM-.s 

■i.-: 

E 

\m 

1.78 

o  ,  Y- 

f 

3C  1 

BSC 

i  it 

s  ■ : 

G 

::  .■ 

= 

H 430  BSC 

H 

M 

BSC 

'.  215  35C 

J 

16.8 

BSC 

0  66 

BSC 

K 

i:  if 

12.18 

OMC 

0480 

0 

3.BT 

4  19 

2  '50 

■  -t 

R 

2E.67 

■  ;: 

1  n 

5.33 

: 

0210 

V 

3.8'. 

4.19  |  0.150 

0.1E5 

CASE  1-05 
TO-204AA 
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ELECTRICAL  CHARACTERISTICS  ITC  -  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Mm 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  {Table  1) 

(IC  =  100  mA.  IB  -  0.  Vc|amp  =  Rated  VCeo'  MJ10008 

MJ10009 

vCEO(sus) 

Vdc 

450 
500 

Collector-Emitter  Sustaining  Voltage  (Table  1 ,  Figure  1 21 

<IC  -  2  A.  Vc|amp  =  Rated  VCEX.  Tc  =  100°C,  MJ10008 

vBE(off)'5v'  MJ10009 
(IC  «  10  A.  Vc|arnp  =  Rated  VCEX.  TC  ■  100°C.  MJ10008 

vBE(off)=5V)  MJ10009 

vCEX(sus) 

450 

Vdc 

500 
325 
375 

Collector  Cutoff  Current 

'VCEV  "  Rated  Value.  VBE(off|  =  1 .5  Vdcl 

<VCEV  "  Ra'ed  Value,  V8E(0ff>  =  1.5  Vdc.  Tc  ■  150°CI 

'CEV 

0.25 
5 

mAdc 

Collector  Cutoff  Current 

IVCE  "  Ftated  VCEv.  Rf3E  *  50      TC  *  100°C) 

ICER 

5 

mAdc 

Emitter  Cutoff  Current 
(VEB  -  2  Vdc.  Ic  =  0) 

'ebo 

175 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

IS/b 

See  Figure  11 

ON  CHARACTERISTICS  (21 

DC  Current  Gain 

(Ic  =  5  Adc.  VcE  -  5  Vdcl 
t'C=  10  Adc.  VCE  -  5  Vdcl 

40 
30 

400 
300 

Collector-Emitter  Saturation  Voltage 
(IC  =  10  Adc.  IB  =  500  mAdc) 
llc  =  20  Adc,  lB  »  2  Adc) 
llc  =  10  Adc.  IB  -  500  mAdc,  TC  =  100°C) 

vCE(satl 

2 

3.5 
2.5 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  "  10  Adc.  IB  -  500  mAdc) 
(lc  -  10  Adc,  lB  -  500mAdc,  Tc  -  100°CI 

VBEIsat) 

2.5 

2:5 

Vdc 

Diode  Forward  Voltage  (1) 
llF  •  10  Adc) 

Vf 

3 

5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

llc  -  1  Adc.  VCE  -  10  Vdc,  ftest  -  1  MHz) 

Ihfel 

8 

Output  Capacitance 

(Vcb  ■  '0  Vdc,  lE  =  0.  ftest  s  100  kHz) 

cob 

100 

325 

pF 

SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1) 

Delay  Time 

IVcc  f  250  Vdc.  IC»  10  A. 
IB1  =500  mA.  V8E(0ff)  =  5  Vdc,  tp  -  25  us 
Duty  Cycle  *  2%). 

'd 

0.12 

0.25 

MS 

Rise  Time 

<r 

0.5 

1.5 

us 

Storage  Time 

's 

0.8 

2.0 

us 

Fall  Time 

tf 

0.2 

OS 

MS 

Inductive  Load,  Clamped  (Table  1) 

Storage  Time 

(Ic  =  lOA(pk),  Vc|amp  =  250V,  lB1  -500  mA, 

<sv 

1.5 

3.5 

US 

Crossover  Time 

vBE(offl  =  5  Vdc,Tc  =  100°C) 

«c 

0.36 

16 

us 

Storage  Time 

llc=  10  A(pk).Vc|amp  =  250V.  IB1  =  500  mA. 

tjv 

0.8 

us 

Crossover  Time 

vBE(off)  "  5  Vdc) 

<c 

0.18 

us 

(1 )  The  internal  Collector-to-Emitter  diode  can  eliminate  the  need  for  an  external  diode  to  clamp  inductive  loads. 
Tests  have  shown  that  the  Forward  Recovery  Voltage  (Vf )  of  this  diode  is  comparable  to  that  of  typical  fast 
recovery  rectifiers. 

(2)  Pulse  Test:  PW  »  300  us,  Duty  Cycle  <  2%. 
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TYPICAL  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN  FIGURE  2  -  COLLECTOR  SATURATION  REGION 


IC.  COLLECTOR  CURRENT  IAMP)  IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION  FIGURE  6  -  OUTPUT  CAPACITANCE 


0  .0  2  *0.4  «0  6  .0.8 

VBE.  BASE  EMITTER  VOLTAGE  (VOLTSI  REVERSE  V0LTAGE  IV0LTSI 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


5 — Wv — IW — «  i 


PW  Varied  to  Attain 
lc  =  100  mA 


Leon  -  10  mH  VCC  -  10  V 
"coil  -  0.7  n 
vcl«mp-  vCEO(kj.) 


VCEXtsusI  AND  INDUCTIVE  SWITCHING 


DRIVER  SCHEMATIC 


MTM14N05 


Vclamp  =  Rated  VCEX  Value 


Vo(f 
Drive 


RESISTIVE 
SWITCHING 


TURN  ON  TIME 


'81 


r 


lB1  adiusted  to 
obtain  the  forced 

TURN  OF  F  TIME 
Use  inductive  switching 
driver  ai  the  input  to 

it  circuit. 


VCC  =  250  V 
RL  -  25  n 

Pulse  Width  = 


INDUCTIVE  TESTCIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


t.  Clamped 

t(  Undamped  *  t2 


K'2- 


t]  Adjusted  to 

Oot«.n  lC 

k»i  "Co.' 
1  *  «cc 


Test  Equipment 
Scope  -  Tekfoni- 
4  75  or  Equivalent 


•Adjust  -  V  such  that  VB£(0ff)  =  5  V  except  as  required  for  RB  SO  A  (Figure  12). 
FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage  times 
have  been  defined  and  apply  to  both  current  and  voltage 
waveforms  since  they  are  in  phase.  However,  for  inductive 
loads  which  are  common  to  SWITCHM0DE  power 
supplies  and  hammer  drivers,  current  and  voltage  wave- 
forms are  not  in  phase.  Therefore,  separate  measurements 
must  be  made  on  each  waveform  to  determine  the  total 
switching  time.  For  this  reason,  the  following  new  terms 
have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Iri  to  10%  Vc|amp 

trv  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  =  Current  Fall  Time,  90-10%  lc 

ttj  =  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 

-  continued  - 
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MJ10008,  MJ10009 


TYPICAL  CHARACTERISTICS 


SWITCHING  TIMES  NOTE  (continued) 

For  the  designer,  there  is  minimal  switching  loss  during 
storage  time  and  the  predominant  switching  power  losses 
occur  during  the  crossover  interval  and  can  be  obtained 
using  the  standard  equation  from  AN-222: 

?SWT=  1/2Vccle(tcH 
Typical   inductive  switching  waveforms  are  shown  in 
Figure  7.    In  general,  trv  +  tf,  -  tc.  However,  at  lower 
test  currents  this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  Tc  =  25°C  and  has  become  a 
benchmark  for  designers.  However,  for  designers  of 
high  frequency  converter  circuits,  the  user  oriented 
specifications  which  make  this  a  "SWITCHMODE" 
transistor  are  the  inductive  switching  speeds  (tc  and  tsv) 
which  are  guaranteed  at  Tc  ■  100°C. 

RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  8  -  TURN-ON  TIME 


FIGURE  9  -  TURN-OFF  TIME 
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FIGURE  10  -  THERMAL  RESPONSE 
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MJ10008.  MJ10009 


The  Safe  Operating  Area  figures  shown  in  Fi 
specified  ratings  for  these  devices  under  the  test 


11  and  12  are 
shown. 


FIGURE  1 1  -  FORWARD  BIAS  SAFE  OPERATING  AREA 

50  r- 


-  0.02 
0.01 
0.005 


Vq£,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS! 


FIGURE  12  -  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA  (MJ10009) 


SAFE  OPERATING  AREA  INFORMATION 


0  100  200  300  400 

VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTSI 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~vCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1 1  is  based  on  Tc  *  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  11  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  13. 

Tj{pk|  may  be  calculated  from  the  data  in  Figure  10. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to  a 
safe  level  at  or  below  a  specific  value  of  collector  current. 
This  can  be  accomplished  by  several  means  such  as  active 
clamping,  RC  snubbing,  load  line  shaping,  etc.  The  safe 
level  for  these  devices  is  specified  as  Vcf:x(sus)  at  a  given 
collector  current  and  represents  a  voltage-current  condi- 
tion that  can  be  sustained  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Fig- 
ure 12  gives  the  complete  reverse  bias  safe  operating  area 
characteristics.  See  Table  1  for  circuit  conditions. 


FIGURE  13  -  POWER  DERATING 


FIGURE  14  -  REVERSE  BASE  CURRENT  versus 
vBEIoffl  WITH  NO  EXTERNAL  BASE  RESISTANCE 
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MJ10011 

(M)  MOTOROLA 


DARLINGTON 
HORIZONTAL  DEFLECTION  TRANSISTOR 

.  .  .  specifically  designed  for  use  in  deflection  circuits. 

•  vCE(sat)  =  3  0  Volts  (Max)  @  'C  =  40  AmPS.  'B  =  200  mA 

•  Built-in  Damper  Diode 

•  VCEX  =  1400  Volts 

•  Glassivated  Base-Collector  Junction 

•  Safe  Operating  Area  @  50  us  =  25  A,  200  V 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEX 

1400 

Vdc 

Emitter  Base  Voltage 

vEB 

5.0 

Vdc 

Collector  Current  -  Continuous 
Peakd) 

iq 

'CM 

8.0 
16 

Adc 

Base  Current  —  Continuous 
Peak  (1) 

'B 
!BM 

2.0 
4.0 

Adc 

Emitter  Current  —  Continuous 
Peak  (1) 

Ie 
iem 

10 

20 

Adc 

Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

Pd 

80 

0.6 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ. Tstg 

-65  to  +  1  50 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

ReJC 

1.56 

°C/W 

Maximum  Lead  Temperature  for 
Soldering  Purposes: 
1 .8"  from  Case  for  5  Seconds 

T[_ 

275 

oc 

10  20     30        SO    70    100  200  300 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (V0LTSI 


8.0  AMPERE 

NPN  SILICON 
DARLINGTON 
POWER  TRANSISTOR 

1400  VOLTS 
80  WATTS 


NOTES: 

I.  DIMENSIONS  0  AND  V  ABE  DATUMS 
1.  ED  IS  SEATING  PLANE  AND  DATDM 
3  POSITIONAL  TOLERANCE  FOR 
M0DNTING  HOLE  0: 
|  »  |  >.I3  10.005)  ®  |  T  |  V  ©  | 

FOR  LEADS:  

|  ♦  |  HHUB0T  |  V®  |  0® 


CASE  1-05 
TO-204AA 
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MJ10011 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°  unless  otherwise  noted) 


Characteristic 

Symbol 

Mm 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  (1) 

Collector-Emitter  Sustaining  Voltage 
dc  *  lOOmAdc,  lB  =  0) 

VcEOIsus) 

700 

Vdc 

Collector  Cutoff  Current 

(VCE  =  1400  Vdc,  VBE  =  0) 

'CES 

0.25 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  4.0  Vdc,  lc-0) 

lEBO 

50 

mAdc 

ON  CHARACTERISTICS  (11 

Collector-Emitter  Saturation  Voltage 
dc  •  3.5  Adc.  IB  =  0.15  Adc) 
(lc-  4.0  Adc,  lB  -  0.2  Adc) 

vCEIsat) 

3.0 
3  0 

Vdc 

Base  Emitter  Saturation  Voltage 
(lc  =  3.5Adc,  lB  =  0.15Adc) 
llc  =  4.0  Adc,  lB  =  0.2  Adc) 



VBE(sat) 

2.0 
2.0 

Vdc 

Forward  Diode  Voltage 
(lF -4.0  Adc) 

Vf 

1.2 

2.0 

Vdc 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

ls/b 

See  Figure  1 

SWITCHING  CHARACTERISTICS 

Fall  Time  (See  Figure  2) 

(lc-4.0  Adc,  lB1  =0.2  Adc) 

'f 

0.65 

1.0 

(1)  Pulse  Test:  Pulse  Width  <  300  us,  Duty  Cycle  f 


lc.  COLLECTOR  CURRENT  (AMP) 
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MJ10012 

(M)  MOTOROLA 


NPIM  SILICON  POWER  DARLINGTON  TRANSISTOR 

The  MJ10012  is  a  high-voltage,  high-current  darlington  transistor 
designed  for  automotive  ignition,  switching  regulator  and  motor  con- 
trol applications. 


•  Collector-Emitter  Sustaining  Voltage  - 

vCEO(sus)  '  400  Vdc  (Min) 

•  175  Watts  Capability  at  50  Volts 

•  Automotive  Functional  Tests 


Collector 
O 


E 


6 


■ 

MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEOlsus* 

400 

Vdc 

Collector-Emitter  Voltage 
(RBE  =  27  li) 

VCER 

550 

Vdc 

Collector-Base  Voltage 

vCBO 

600 

Vdc 

Emitter-Base  Voltage 

vEB0 

8.0 

Vdc 

Collector  Current  -  Continuous 
-  Peak  (1 ) 

ic 

10 
15 

Adc 

Base  Current 

'b 

2.0 

Total  Power  Dissipation  @  Tq  =  25°C 
@TC  =  100°C 

Derate  above  25°C 

175 
100 

1.0 

Watts 
Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  +200 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rejc 

1  .0 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  =  5.0  ms,  Duty  Cycle  <  10%.. 

10  AMPERE 

POWER  TRANSISTOR 
DARLINGTON  NPN  SILICON 


400  VOLTS 
175  WATTS 


STYLE  1 

PIN  I.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


NOTES 

1.  DIMENSIONS  0  AND  V  ARE  OATUMS. 

2.  [T]  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HDLE  0: 

|  »  |  1.1310.005)0  |  T  |V®1 

FOR  LEADS  

|  +  |  >.I3  10.0051®  T  |  vQ  |  Q®| 


DM 

MILLIMETERS 

INCHES 

MAX 

MIN 

MAX 

A 

39.37 

1.560 

B 

21  08 

0,830 

C 

6  35 

7.62 

0  250 

0  300 

0 

0.97 

1.09 

0  UN 

n 

E 

}M 

1  78 

GG55 

0  070 

F 

30.15  BSC 

i.tn  bsc 

G 

I0JU  BSC 

G  430  BSC 

H 

5  46  BSC 

1215  BSC 

J 

16.8 

BSC 

Q.B6G  HSr 

K 

11.18 

12.19 

0  SM 

0.480 

0 

3.81 

4.19 

0.150 

0.165 

R 

2G  <>  1 

1.050 

U 

4.83 

5.33 

0.190 

0 

V 

3.81 

4  19 

0.150 

CASE  1-05 
TO-204AA 
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MJ10012 


ELECTRICAL  CHARACTERISTICS  [Tc  =  25°C  unless  otherwise  noted)  

Characteristic  Symbol  Min  Typ  Max  Unit 


OFF  CHARACTERISTICS  (1) 


Collector-Emitter  Sustaining  Voltage  (Figure  1) 
IIC  =  200  mAdc.  IB  -  0.  Vc,8mp  -  Rated  VCE0) 

vCEOIsus) 

400 

Vdc 

VcER(sus) 

425 

Vdc 

Collector-Emitter  Sustaining  Voltage  (Figure  1) 
(IC  =  200  mAdc,  RBE  =  27  Ohms, 
vclamp  =  Rated  VCER) 

Collector  Cutoff  Current 

(Rated  VcEr.  RBE  =  27  Ohms) 

'CER 

1.0 

mAdc 

Collector  Cutoff  Current 
(Rated  VCB0.  'E  =  01 

'CBO 

1.0 

mAdc 

Emitter  Cutoff  Current 
(VEB  =6.0  Vdc,  lc  -  01 

'EBO 

40 

mAdc 

ON  CHARACTERISTICS  (II 


DC  Current  Gain 

(IC  =  3.0  Adc,  Vce  •  6  0  Vdc) 

(lc  -  6.0  Adc,  VCE  =  6.0  Vdc) 

Or  -  10  Adc,  VCE  =6.0  Vdc) 
 ±  1  

"FE 

300 
100 
20 

550 
350 

 150  

2000 

Collector-Emitter  Saturation  Voltage 
(IC  "  3.0  Adc,  lB  =  0.6  Adc) 
(lc  -  6.0  Adc,  lB  =  0.6  Adc) 
llc  =  10  Adc,  lB  -  2.0  Adc) 

VcElsatl 

.  

1.5 
2.0 
2.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  6.0  Adc,  lB  =  0.6  Adc) 
(lc  •  10  Adc,  lB  =  2.0  Adc) 

VBEIsatl 

2.5 
3.0 

Vdc 

Base-Emitter  On  Voltage 

(lc  =  10  Adc,  VCE  -  6.0  Vdc) 

vBE(onl 

2.8 

Vdc 

Diode  Forward  Voltage 
(lF  =  10  Adc) 

Vf 

2,0 

3.5 

Vdc 

DYNAMIC  CHARACTERISTICS 


Output  Capacitance 

(VCB  -  10  Vdc,  lE  =  0.  f,est  =  100  kHz) 

cob 

165 

350 

pF 

SWITCHING  CHARACTERISTICS 

Storage  Time 

(VCC  -  12  Vdc, 
lc-6.0  Adc, 

■b  1  ™  1 B2  "  0  3  Adc>  Figure  2 

<s 

7.5 

15 

MS 

Fall  Time 

tf 

5.2 

15 

MS 

FUNCTIONAL  TESTS 

Second  Breakdown  Collector  Current  with 
Base-Forward  Biased 

Is/B 

See  Figure  10 

Pulsed  Energy  Test  (See  Figure  121 

IC2L 

180 

mJ 

2 

(1)  Pulse  Test:  Pulse  Width  =  300  ms.  Duty  Cycle  =  2%. 


FIGURE  1  -  SUSTAINING  VOLTAGE 
TEST  CIRCUIT 


FIGURE  2  -  SWITCHING  TIMES 
TEST  CIRCUIT 


 Li2 


,  VCC  =  14  V 
Adjust  Until  !c  =  6  A 


"J  I  *  12  V 

1  =■  12V 


*  Adjust  t-,  such  that 
lc  reaches  200  mA 
at  VCE  -  Vc,>rnp 


IN3947 


vclamp 
VCEOIsus)  ■  400  Vdc 
VcEHIsus)     «5  Vdc 
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MJ10012 
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MJ10012 


FIGURE  9  -  THERMAL  RESPONSE 


FIGURE  10  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


10  20      30         50     70     100  200     300  500 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  10  is  based  on  Tc  =  25°C;  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  10  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 1 . 

Tj(nk)  maY  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 
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MJ10013 
MJ10014 


® 


MOTOROLA 


Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 

The  MJ10013  and  MJ10014  Darlington  transistors  are  designed 
for  high-voltage,  high-speed,  power  switching  in  inductive  circuits 
where  fall  time  is  critical.  They  are  particularly  suited  for  line- 
operated  switchmode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 

•  Fast  Turn-Off  Times 

250  ns  Inductive  FAII  Time-25°C  (Typ) 
500  ns  Inductive  Crossover  Time— 25°C  (Typ) 
1.4  ji%  Inductive  Storage  Time-25°C  (Typ) 

•  Operating  Temperature  Range:  -65  to  +200°C 

•  100°C  Performance  Specified  for: 

Reversed  Biased  SOA  With  Inductive  Loads 
Switching  Times  With  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ10013 

MJ10014 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

550 

600 

Vdc 

Collector-Emitter  Voltage 

VCEV 

650 

700 

Vdc 

Emitter  Base  Voltage 

VEB 

8 

Vdc 

Collector  Current  -  Continuous 
-  Peak  (1) 

"c 

'CM 

10 
15 

Adc 

Base  Current  —  Continuous 
-  Peak  (1) 

CO  £ 
—  CD 

7 

10 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
<g>  TC  =  100°C 

Derate  above  25°C 

175 
100 
1 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-Titg 

-66  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

M.x 

Unit 

Thermal  Resistance,  Junction  to  Case 

R8JC 

1 

°C/Vv 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

Tl 

275 

°C 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  <  10% 

10  AMPERE 

NPN  SILICON 

POWER  DARLINGTON 
TRANSISTORS 

5S0  AND  600  VOLTS 
175  WATTS 


Designers  Data  for 
"Worst-Case"  Conditions 

The  Designers  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data- 
representing  device  characteristic 
boundaries -a  re  given  to  facilitate 
"worst-case"  design. 


NOTES: 

1.  DIMENSIONS  D  AND  V  ARE  DATUMS. 

2.  [T]  is  seating  plane  and  datum 

3.  POSITIONAL  TOLEfiANCE  FOR 
MOUNTING  HOLE  0 

|   ♦  |  1.13  10.0051  ©  j  T  |  v"©"| 
FOR  LEADS: 

|   »  |  >.13I0005I®T  |  V®  |  0©| 


STYLE  1 

PIN  I  IASE 

t  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

UN 

MAX 

MM 

MAX 

A 

39-37 

i  m 

1 

21  08 

j?i 

C 

£  ■ 

J. 62 

o  tfi| 

j  J0t 

0 

0  » 

1.09 

■i.Lvf. 

U  34; 

£ 

;  in 

1.71 

Q.Q55 

:.■  B70 

F 

11 1 

EEt 

1  18 

BSC 

G 

BSC 

0.430  BSC 

H 

esc 

0?1'  8iC 

J 

Hl- 

i 

■i  ic 

il  i 

0  sac 

[  480 

B 

U1 

4.13 

0  i  so 

:,  )i' 

R 

;£G? 

1-050 

u 

4  H3 

533 

1)  I'll. 

DL'io 

V 

3  o  i 

4.  IS 

0  130 

0  165 

MJ10013,  MJ10014 
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ELECTRICAL  CHARACTERISTICS  1TC  r  25°C  unless  otherwise  noted) 


Min      |  Typ 


Characteristic 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  1 ) 

IIC  =  100  mA.  lB-0)  MJ10013 

MJ10014 

VCEO(sus) 

550 
600 

Vdc 

Collector  Cutoff  Current 

'VCEV  =  Rated  Value.  VBE(OTfj  =  1.5  Vdc) 

(VCEV  '  Ra<ed  Value.  VBE(o,f|  '  1.5  Vdc.  Tc  -  150°C) 

ICEV 

0.3 
5 

mAdc 

Collector  Cutoff  Current 

IVce  -  Rated  VCEV.  RBE  -  50  n.  Tc  =  100°CI 

ICER 

5 

mAdc 

Emitter  Cutoff  Current  lEB0 
(VEb  -  2  Vdc.  Ic  "  01 

175       I  mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  base  forward  biased 

'S/b 

See  Figure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (2) 


DC  Current  Gain 

IIC  -  5  Adc.  VCE  -  5  Vdc) 
"C  -  10  Adc.  VCE  =  5  Vdcl 

"FE 

20 
10 

500 
250 

Collector-Emitter  Saturation  Voltage 
(lc  -  10  Adc,  lB  -2  Add 
IIC  -  10  Adc,  lB  =  2  Adc,  TC  -  100°C) 

vCEIsat) 

2  5 
2.6 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  *  10  Adc,  lB  =  2  Adc) 
(lc  -  10  Adc,  lB  -  2  Adc,  Tc  -  100°CI 

vBEIsatl 

3 

Vdc 

3 

Diode  Forward  Voltage  (1) 
(lF  =  10  Add 

3 

5 

Vdc 

Vf 

Small-Signal  Current  Gain 

IIC  -  1  Adc,  VCE  -  10  Vdc.  f  test  »  1  MHz) 

Ihfel 

10 

Output  Capacitance 

IVCB  -  10  Vdc.  IE  -  0.  f,es,  •  100  kHz) 

Cob 

100 

350 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

(Vcc  =  250  Vdc.  lc  -  10  A. 
IB1  ■  "00  mA.  VBE(off)  "  5  Vdc.  tp  ■  50  us, 
Duty  Cycle  <  2%). 

VI 

0.02 

0.2 

MS 

Rise  Time 

'r 

0.9 

2 

us 

Storage  Time 

's 

0.95 

4 

"S 

Fall  Time 

<f 

0.22 

1 

M5 

Inductive  Load,  Clamped  (Table  1 1 

Storage  Time 

(IC  -  10  Alpkl,  Vc|amp  -  250  Vdc.  IB1  -  1  A. 
VBEIoff)=5Vdc.Tc  =  100°C) 

<t 

2.3 

6 

«S 

Crossover  Time 

'c 

1 

3 

us 

Storage  Time 

(lC  "  10  Alpkl,  Vc|amp  -  250  Vdc,  lB1  ■  1  A. 

'l 

1.4 

US 

Crossover  Time 

VBE(offl=5Vdc,Tc  =  250C) 

Vf 

0.5 

us 

Fall  Time 

tfi 

0.25 

MS 

(1)  The  internal  Collector-to-Emitter  diode  can  eliminate  the  need  for  an  external  diode  to  clamp  inductive  loads. 
Tests  have  shown  that  the  Forward  Recovery  Voltage  (Vf)  of  this  diode  is  comparable  to  that  of  typical  fast 
recovery  rectifiers. 

(2)  Pulse  Test:  PW  =  300  in,  Duty  Cycle  <  2%.  * 
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TYPICAL  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR-EMITTER 
SATURATION  VOLTAGE 
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FIGURE  4  -  BASE  EMITTER  VOLTAGE 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  OUTPUT  CAPACITANCE 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


RBSOA  AND  INDUCT.VE  SWITCH.NG 


Adiuil  R1  lo  obtain  a  forced  hpg  "  10  - 


^2 


PW  Varied  to  Attain 
IC  -  250  mA 


Lcoil  "  l0,nH  VCC  ■ 
Rco.l  -070 
vclamo  "  vCEO(*u») 


Lco1,  =  iBOnH 
Hcoll  =  0  05  Si 
VCC  =  20  v 


VCC  =  250  V 
RL  -  25  n 
Pulse  Width  = 


OUTPUT  WAVEFORMS 


RESISTIVE  TESTCIRCUIT 


Input 
See  Above  for 
Detailed  Conditi 


1N4937 
Equivalent 


IE 


=  A"s-i 


t1  Adjusted  to 
Obtain  l£ 

•-eoilt'Cpfcl 

ti  *  — 


oi  n 


Test  Equipment 
Scope  -  Tehtronm 
475  or  Equivalent 


SWITCHING  TIME  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage  times 
have  been  defined  and  apply  to  both  current  and  voltage 
waveforms  since  they  are  in  phase.  However,  for  inductive 
loads  which  are  common  to  SWITCHM0DE  power 
supplies  and  hammer  drivers,  current  and  voltage  wave- 
forms are  not  in  phase.  Therefore,  separate  measurements 
must  be  made  on  each  waveform  to  determine  the  total 
switching  time.  For  this  reason,  the  following  new  terms 
have  been  defined. 

—  continued 


tsv  =  Voltage  Storage  Time,  90%  I  b  1  to  10%  Vc|arnp 
trv  -  Voltage  Rise  Time,  10-90%  Vc|amp 
tfj  =  Current  Fall  Time,  90-10%  lc 
tti  =  Current  Tail,  10-2%  lc 
tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  turn-off  waveforms  is  shown  in 
Figure  7  to  aid  in  the  visual  identity  of  these  terms. 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  PEAK  REVERSE  CURRENT 
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TYPICAL  CHARACTERISTICS 


SWITCHING  TIMES  NOTE  (continued) 


For  the  designer,  there  is  minimal  switching  loss  during 
storage  time  and  the  predominant  switching  power  losses 
occur  during  the  crossover  interval  and  can  be  obtained 
using  the  standard  equation  from  AN-222: 
PSWT=  1/2VCCIC<tc)f 

In  general,  trv  +  tfj  p;  tc.  However,  at  lower  test  cur- 
rents this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  2?>C  and  has  become  a  benchmark 
for  designers.  However,  for  designers  of  high  frequency 
converter  circuits,  the  user  oriented  specifications  which 
make  this  a  "SWITCHMODE"  transistor  are  the  inductive 
switching  speeds  (tc  and  tsu)  which  are  guaranteed  at 
100°C 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  9  -  TURN-ON  TIME 


FIGURE  10  -  TURN-OFF  TIME 


2  3  5  7 

IC.  COLLECTOR  CURRENT  (AMP) 


1.5         2  3  5  7 
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FIGURE  11  -  THERMAL  RESPONSE 
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The  Safe  Operating  Aru  figures  shown  in  Figures  12  and  13  are 


FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


5  10  20  50  100  200  500 
VC£.  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI  700 


FIGURE  13  -  REVERSE  BIAS  SWITCHI 
SAFE  OPERATING  AREA 


„NG 


100         200         300        400         500  600 
Vc£.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Trj  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  allowable  during  reverse  biased 
turn-off.  This  rating  is  verified  under  clamped  conditions 
so  that  the  device  is  never  subjected  to  an  avalanche  mode. 
Figure  13  gives  the  complete  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 


3-831 


MJ10015 
MJ10016 


® 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  MJ10015  and  MJ10016  Darlington  transistors  are  designed 
for  high-voltage,  high-speed,  power  switching  in  inductive  circuits 
where  fall  time  is  critical.  They  are  particularly  suited  for  line- 
operated  switchmode  applications  such  as: 

•  Switching  Regulators 

•  Motor  Controls 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Fast  Turn-Off  Times 

1.0  us  (max)  Inductive  Crossover  Time  —  20  Amps 
2.5  jus  (max)  Inductive  Storage  Time  —  20  Amps 

•  Operating  Temperature  Range  -65  to  +200°C 

•  Performance  Specified  for 

Reversed  Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
;  Currents 


50  AMPERE 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

400  and  500  VOLTS 
250  WATTS 


T — ^ 

i 



MAXIMUM  RATINGS 

Rating 

Symbol 

MJ10015 

MJ10016 

Unit 

Collector-Emitter  Vottage 

vCEO(sus) 

400 

500 

Vdc 

Collector-Emitter  Voltage 

VCEV 

600 

700 

Vdc 

Emitter  Base  Voltage 

veb 

8.0 

Vdc 

Collector  Current  —  Continuous 
-  Peak  (1) 

!c 

'CM 

50 
75 

Adc 

Base  Current  —  Continous 
-Peak  II) 

IB 
'BM 

10 
15 

Adc 

Total  Power  Dissipation  @  Tq  =  25°C 
@TC=  100°C 

Derate  above  25°C 

Pd 

250 
143 
1.43 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj,  TS,g 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

0.7 

°C/W 

Maximum  Lead  Temperature  for  Soldering  Purposes: 
1/8"  from  Case  for  5  Seconds 

TL 

275 

°C 

(11  Pulse  Test:  Pulse  Width  -  5  ms.  Duty  Cycle  <  10% 

  A   

 ml 

n  

■ 

t.  /- 

SEATING  J 

I 

K 

STYLE  I: 
PIN  I.  BASE 

2.  EMITTER 
CASE.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19  30 

21.08 

0.760 

0.630 

C 

6.35 

7.82 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0063 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

6 

10.67 

11  18 

0.420 

0.440 

H 

5.21 

5  72 

0  205 

0.226 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12  19 

0.440 

0.480 

a 

3  84 

4.09 

0.151 

0.161 

n 

24.89 

26.67 

0.980 

1.050 

CASE  197^)1 

MODIFIED  TO-3 
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ELECTRICAL  CHARACTERISTICS  (Tc  -  2s°c  unless  otherwise  noted) 


Characteristic 

Symbol 

Mm 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  (11 

Collector-Emitter  Sustaining  Voltage  (Table  11 

<lc  -  100  mA,  lB  -  0.  Vdamp  -  Rated  VCE0I  MJ10015 

MJ10016 

VCEOIsus) 

400 

500 

Vdc 

Collector  Cutoff  Current 

(VCEV  -  Rated  Value.  VBE(off)  -  1 .5  Vdc) 

ICEV 

0.25 

mAdc 

Emitter  Cutoff  Current 
IVEB«2.0Vdc,  lc  =  0) 

'EBO 

350 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  7 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  8 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

llc  -  20  Adc.  VCE  -  5.0  Vdcl 
llc-40Adc.VCE  =  5.0  Vdc) 

hFE 

25 
10 

Collector-Emitter  Saturation  Voltage 
(lc  -  20  Adc,  lB  -  1.0  Adc) 
(IC  -  50  Adc.  IB  -  10  Add 

vCE(sat) 

2.2 
5.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  -  20  Adc,  lB  -  1.0  Adc) 

vBE(sat) 

2.75 

Vdc 

Diode  Forward  Voltage  (2) 
llF  -  20  Adc) 

Vf 

2.5 

5.0 

Vdc 

DYNAMIC  CHARACTERISTIC 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  -0,  ftest-  100  kHz) 

Cob 

750 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

(VCC  -  250  Vdc,  lc  -  20  A, 

lB1  -  1 .0  Adc.  VBE(off)  =  5  Vdc.  tp  «  25  us 

Duty  Cycle  s.  2%). 

'd 

0.14 

0.3 

m 

Rise  Time 

'r 

0.3 

1.0 

MS 

Storage  Time 

's 

0.8 

25 

MS 

Fall  Time 

«f 

0.3 



1.0 

Inductive  Load,  Clamped  (Table  1 ) 

Storage  Time 

(IC  -  20  A(pk).  Vdarnp  =  250  V,  lB1  =  1.0  A, 
vBE(off)  "5.0  Vdc) 

«sv 

1.0 

2.5 

MS 

Crossover  Time 

'c 

0.36 

1.0 

MS 

(1)  Pulse  Test:  Pulse  Width  =  300  ms,  Duty  Cycle  <  2%. 

(2)  The  internal  Collector-to-Emitter  diode  csr.  eliminate  the  need  for  an  external  diode  to  clamp  inductive  loads.  Tests  have  shown  that 


the  Forward  Recovery  Voltage  (Vf)  of  this  diode  is  comparable  to  that  of  typical  fast  recovery  rectifiers. 
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TYPICAL  CHARACTERISTICS 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VcEX  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


Adjust  R1  10 


n  ■  forced  hp£  =  20  - 


3  >- 
15 
I 


PW  Varied  to  Attain 
lc  =  100  mA 


Duty  Cvcle  <  3% 


TURN  ON  TIME 

,fr: 

l81  edjuited  to 
obtain  the  forced 
tifE  dot  i  red 


TURN  OFF  TIME 
Use  inductive  switching 

circuit  at  the  input  to 
the  re*litluB  test  circuit. 


Ucoil  -  180  MH 
Rcoil  =  0  05  11 
VCC  -  20  V 


Ol  2N2907  Q5  MJE200 

Q2  2N2222  D1  1N914 

Q3  2N3762  D2  1N914 

Q4  MJE210  D3  1N914 


Vcc  =  250  V 

rl  =  12.5  n 

Pulse  Width  =  25  lis 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


r,  Adiu,t.d  ,o 


RESISTIVE  TESTCIHCUIT 


See  Above  for 
Detailed  Conditio: 


Ten  Equipment 
Scope  -  Tektronix 
475  or  Equivalent 


"Adjust  -V  such  that  Vgf:(0ff)  =  5V  except  as  required  for  RB  SOA  (Figure  8). 


FIGURE  6  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine  the 
total  switching  time.  For  this  reason,  the  following  new 
terms  have  been  defined. 


tsv  =  Voltage  Storage  Time,  90%  Iri  to  10%  Vc|arT1p 

tru  =  Voltage  Rise  Time,  10-90%  Vc|arnp 

tfj  -  Current  Fall  Time,  90-10%  Iq 

ttj  =  Current  Tail,  10-2% 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  Iq 

For  the  designer,  there  is  minimal  switching  loss  during 
storage  time  and  the  predominant  switching  power  losses 
occur  during  the  crossover  interval  and  can  be  obtained 
using  the  standard  equation  from  AN-222: 

PSWT=  1/2  Vcc'cMf 

In  general,  trv  +  tfj  ^  tc-  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  and  has  become  a  benchmark  for 
designers.  However,  for  designers  of  high  frequency  con- 
verter circuits,  the  user  oriented  specifications  which 
make  this  a  "SWITCHMODE"  transistor  are  the  inductive 
switching  speeds  (tc  and  tsv)  which  are  guaranteed. 


o-ooo 


The  Safe  Operating  Area  figures  shown  in  Figures  7  and  8  are 
specified  ratings  for  these  devices  under  the  test  conditions  shown. 


FIGURE  7  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


2  0         5.0      10       20         50      100      200        500  1000 
VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTSI 


FIGURE  8  -  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 


100  200  300  400  ,500 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Iq-VcE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  7  is  based  on  Tc  =  25°C;Tj(p|<)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  7  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  9. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  8 
gives  the  complete  RBSOA  characteristics. 


FIGURE  9  -  POWER  DERATING 
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FIGURE  10  -  TYPICAL  REVERSE  BASE  CURRENT 
versus  VBE(„ff|  WITH  NO  EXTERNAL  BASE  RESISTANCE 

'Or 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  MJ10020  and  MJ10021  Darlington  transistors  are  designed 
for  high-voltage,  high-speed,  power  switching  in  inductive  circuits 
where  fall  time  is  critical.  They  are  particularly  suited  for  line- 
operated  switchmode  applications  such  as: 

•  AC  and  DC  Motor  Controls 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Fast  Turn-Off  Times 

150  ns  I  nductive  Fall  Time  at  25°C  (Typ) 
750  ns  Inductive  Storage  Time  at  25°C  (Typ) 

•  Operating  Temperature  Range  -65  to  +200°C 

•  100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


60  AMPERE 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

200  and  250  VOLTS 
250  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 


The  Designers  Data  Sheet  permits 
the  design  of  most  circuits  entirely 
from  the  information  presented.  Limit 
data  —  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
"worst  case"  design. 





MAXIMUM  RATINGS 


Rating 

Symbol 

MJ10020 

MJ10021 

Unit 

200 

250 

Vdc 

Collector-Emitter  Voltage 

VCEO(sus) 

Collector-Emitter  Voltage 

VcEV 

300 

350 

Vdc 

Emitter  Base  Voltage 

Veb 

8.0 

Vdc 

Collector  Current  —  Continuous 
-  Peak  (1) 

ic 

'CM 

60 
100 

Adc 

Base  Current  —  Continuous 

>B 
IBM 

20 

Adc 

-  Peak  (11 

30 

Total  Power  Dissipation  @  Tq  f  25°C 
®TC»  100°C 

Derate  above  25°C 

PD 

250 
143 
1.43 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj, TS,g 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rf>JC 

0.7 

°c/w 

Maximum  Lead  Temperature  for  Soldering  Purposes: 
1/8"  from  Case  for  5  Seconds 

Tl 

275 

°c 

(11  Pulse  Test:  Pulse  Width  -  5  ms,  Duty  Cycle  <  10% 

STYLE  I" 
P1N  I!  BASE 

2.  EMITTER 
CASE.  COLLECTOR 


DIM 

MI11IMETERS 

INCHES 

MIN 

MAX 

WIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

■ 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

3.43 

0135 

F 

29.90 

30.40 

1.177 

1.197 

6 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

IE.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

a 

3.84 

4.09 

0.151 

R 

24.89 

26.67 

0.980 

CASE  197-01 

MODIFIED  TO-3 
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ELECTRICAL  CHARACTERISTICS     (Tc  -  2S°C  unless  otherwise  noted)  

Characteristic  |    Symbol    |       Min  Typ  Max       |  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  1 1  MJ10020 
llC -100  mA,  lB-0l  MJ10021 

vCE0(sus) 

200 
250 

Vdc 

Collector  Cutoff  Current 

(Vcev  "  Rated  Value,  VgEloff)  "  1-6  vdc> 
(VCEV  -  Rated  Value,  VBE(of))  -  1.5  Vdc,  Tc  ■ 

150OC) 

ICEV 

0.25 
5.0 

mAdc 

Collector  Cutoff  Current 

(VCE  -  Rated  vCev.  Rbe  -  50  fl,  TC  -  100OCI 

!CER 

5.0 

mAdc 

Emitter  Cutoff  Current 
IVEB  =  2.0V.  Ic  =  0) 

lEBO 

_ 

■  \<  ",• 

175 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

'S/b 

See  Figure  13 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  14 

ON  CHARACTERISTICS  111 

OC  Current  Gain 

Kg  '  15  Adc.  Vce  "  5.0  V) 

"FE 

75 

1000 

Collector-Emitter  Saturation  Voltage 
(lc-30  Adc.  IB=  1.2  Adc) 
(lc-60Adc,  lB=4.0Adc) 
(lC  =  30  Adc,  lB  -  1.2  Adc,  Tc  =  100°C) 

vCE(sat) 

_ 

2.2 
4.0 
2.4 

Vdc 

Base-Emitter  Saturation  Voltage 
dC-30Adc,  lB-  1.2  Adc) 
(IC  =  30  Adc,  lB  -  1.2  Adc,  Tc  -  100OC) 

vBEIsat) 

3.0 
3.5 

Vdc 

Diode  Forward  Voltage 
(lF -30  Adc) 

— 

Vf 

2.5 

5.0 



Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB  =  10  Vdc,  lE  -  0,  ftest  =  1.0  kHz) 

Cob 

175 

700 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

td 

0.02 

0.2 

us 

(Vce  "  175  Vdc,  lc  -  30  A, 

Rise  Time 

0.30 

1.0 

lB1  -  1.2  Adc.  VBEIo,f)  -  5.0  V.  tp  -  25  us 

•r 

MS 

Storage  Time 

ts 

1.0 

3.5 

US 

Duty  Cycle  <  2.0%). 

Fall  Time 

0.07 

0.5 

tf 

US 

Inductive  Load,  Clamped  (Table  1) 

Storage  Time 

ICM  "  30  Alpk).  VCEM  "  200  V,  lB1  =  1 .2  A, 

tsv 

1.2 

3.5 

US 

Crossover  Time 

VBE(off)=5V.Tc-100°C) 

<c 

0.45 

2.0 

MS 

Storage  Time 

(lCM  =30  Alpk),  VCEM  =  20C 
Vitci.m  -  5  V.T>  -  750CI 

V,  lB,  =  1.2  A, 

'sv 

0.75 

MS 

Crossover  Time 

'c 

0.25 

MS 

Fall  Time 

<fi 

0.15 

MS 

(1 )  Pulse  Test:  PW  -  300  us.  Duty  Cycle  <  2% 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 




RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE 

switch  mo 


Adjutt  R 1  To 


.1 

15 
"S 


PW  Variad  to  Attain 
lc  -  100  tnA 


Duty  Cvcia  <  3% 


TURN  ON  TIME 


lQ1  adjusted  io 
obtain  ttia  (oread 

TURN-OFF  TIME 
Uh  inductlv*  switching 
circuit  si  tha  Input  to 
■  mt  circuit. 


RcoM  -  o  ?  n 

Vcl»mp  "  vCEOUus) 


Rcoj,  -  o  05  n 

VCC  =  20  V 


Ql  2N2907 

Q?  2N2222 

Q3  2N3762 

04  M JE  1  5029 


Q5  MJE15028 


VCC=  176  V 
RL  -  5.6  n 
Pulw  Width  = 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


H  Adjultad  to 
Obtain  If; 


t-co»  HCM> 


T»H  Equ.pm«nt 
475  ©'  Equiwal»ni 


•Adjust  —  V  such  that  VRE(0ff)  =  5  V  except  as  required  for  RBSOA  (Figure  14). 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  TYPICAL  PEAK  REVERSE  BASE  CURRENT 


S? 


7.0 


£  6.0 
S  5.0 

1  40 

2  3.0 

it  2  0 

~  1.0 


IC 

30  A 

IB1-1.2A 
VCLAMP»  200V 

Tj 

25°C 

TIME 


1.0        2.0        3.0        4.0        5.0  6.0 
VBE(off).  BASE-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  9  -  TYPICAL  INDUCTIVE  SWITCHING  TIMES 


7.0 


ICM" 

iOA 

'C/IB- 

25 

00°C  _ 

tce|2 

icenoo°c 

1.0        2^0        3.0        4.0        5.0        6.0  7.0 
VSE(off).  BASE-EMITTER  VOLTAGE  (VOLTS) 


2.4 
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S 
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- 

o 

1.5 
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> 

12 

o 

0.9 
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0.6 

0.3 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  ln,1to  10%  VcEM 

trv  =  Voltage  Rise  Time,  10  -  90%  VqeM 

tfi  =  Current  Fall  Time,  90  -  10%  IcM 

tti  =  Current  Tail,  10  -  2%  Icm 

tc  =  Crossover  Time,  10%  VCEM  to  10%  lCM 
An  enlarged  portion  of  the  inductive  switching  waveforms 

is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 

^Ciylaft^  lif.v  <"0'  sit  • -ai  :       ii.  , 

RESISTIVE 

FIGURE  10  -  TYPICAL  TURN-ON  SWITCHING  TIMES 


For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A: 

PSWT=  1/2  VCclc(tc)f 
In  general,  tpy  +  tfi  s  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high  fre- 
quency converter  circuits,  the  user  oriented  specifications 
which  make  this  a  "SWITCHMODE"  transistor  are  the 
inductive  switching  speeds  (tc  and  tsv)  which  are  guaran- 
teed at 100°C. 


SWITCHING 

FIGURE  11  -  TYPICAL  TURN-OFF  SWITCHING  TIMES 


2.0  3.0  5.0  7.0  10  20 
IC.  COLLECTOR  CURRENT  {AMPS) 


0.6  0.8  1.0 


2.0     3.0       5.0    7  0  10 

lC.  COLLECTOR  CURRENT  (AMPS) 
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The  Safe  Operating  Area  figures  shown  in  Figures  13  and  14  are 
specified  for  these  devices  under  the  test  conditions  shown. 


FIGURE  13  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


200  1 300 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS)  250 


FIGURE  14  -  MAXIMUM  RBSOA.  REVERSE  BIAS 
SAFE  OPERATING  AREA 
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THE  LOCUS  FOR  MJ10020 
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OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc— VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  13  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°  C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  13  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  15. 

TJ(pk)  maY  be  calculated  from  the  data  in  Figure  12. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  14 
gives  the  RBSOA  characteristics. 


FIGURE  15  -  POWER  DERATING 
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Designers  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  MJ10022  and  MJ1 0023  Darlington  transistors  are  designed 
for  high-voltage,  high-speed,  power  switching  in  inductive  circuits 
where  fall  time  is  critical.  They  are  particularly  suited  for 
line-operated  switchmode  applications  such  as: 

•  AC  and  DC  Motor  Controls 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Fast  Turn-Off  Times 

150  ns  Inductive  Fall  Time  @  25°C  (Typ) 
300  ns  Inductive  Storage  Time  @  25°C  (Typ) 

•  Operating  Temperature  Range  -65  to  +200°C 

•  100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


40  AMPERE 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

350  and  400  VOLTS 
250  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 


The  Designers  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
"worst  case"  design. 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ10022 

MJ10023 

Unit 

Collector- Emitter  Voltage 

VcEO(sus) 

350 

400 

Vdc 

Collector-Emitter  Voltage 

VCEV 

450 

600 

Vdc 

Emitter  Base  Voltage 

VEB 

8.0 

Vdc 

Collector  Current  —  Continuous 
—  Peak  (1 ) 

ic 

'CM 

40 
80 

Adc 

Base  Current  —  Continuous 
—  Peak  (1| 

is 

!bM 

20 
40 

Adc 

Total  Power  Dissipation  @  Jq  =  25°C 
@TC=  100°C 

pd 

250 
143 

Watts 

Derate  above  25°C 

1  43 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R»JC 

0.7 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1|  Pulse  Test:  Pulse  Width  =  5  ms,  Duty  Cycle  «  10%. 

STVLE  l! 
PIN  1.  BASE 

2  EMITTER 
CASE.  COLLECTOR 


k    i  tie 


1  ? 


jy  :; 


CASE  197-01 

MODIFIED  TO-: 
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ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  otherw 

se  noted) 

I 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1|  MJ10O22 
(lc=  100  mA.  IB  =  0)  MJ10023 

vCE0(sus) 

350 
400 

_ 

Vdc 

Collector  Cutoff  Current 
tvCEV  =  Rated  Value,  VgE(off)  =  1  5  vdc) 
(VCEv  =  Rated  Value.  VBE(off >  =1.5  Vdc,  Tc  =  1 50°CI 

'CEV 

0.25 
5.0 

mAdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCEV.  RBE  =  50  (1.  Tc  =  1 00°C) 

ICER 

5.0 

mAdc 

Emitter  Cutoff  Current 
(VEB=2.0V.  Ic  =  0) 

lEBO 

175 

'  

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  13 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  14 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 
(lc  =  10  Adc.  VCE  =  5.0  V) 

nFE 

50 

600 

Collector-Emitter  Saturation  Voltage 
(lC=  20  Adc,  lB  =  1.0  Adc) 
lc  =  40  Adc,  lB  =  5.0  Adc) 
dC=  20  Adc,  lB=  1.0  Adc,  TC=  100°C) 

vCE(sat) 

2.2 
5.0 
2.5 

Vdc 

Base- Emitter  Saturation  Voltage 
llc  -  20  Adc,  lB  -  12  Adc) 
(lc  "  20  Adc.  IB  -  1.2  Adc,Tc  -  100°C> 

vBE(sat) 

25 

2.5 

Vdc 

Diode  Forward  Voltage 
(lF  =  20  Adc) 

Vf 

2.5 

5.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
|VCB  =  10  Vdc.  IE  =  0,  ftest  =  1 .0  kHz) 

Cob 

150 

600 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

(VCc  =  250  Vdc,  lc  =  20  A.  IB1  =  1  0  Adc, 
VBE(off)-5.0V.  tp-50,.s. 
Duty  Cycle  <;  2.0%) 

id 

0.03 

0.2 

MS 

Rise  Time 

tr 

0.4 

1.2 

us 

Storage  Time 

•s 

0.9 

2  5 

MS 

Fall  Time 

'f 

03 

0.9 

MS 

Inductive  Load.  Clamped  (Table  1) 

Storage  Time 

dCM  =  20  A.  VCEM  =  250  V.  IB1  =1,0A, 
VBE(off)=5V,  TC=100°C) 

<~ 

1.9 

4.4 

MS 

Crossover  Time 

'c 

0.6 

20 

MS 

Fall  Time 

'fi 

0.3 

MS 

Storage  Time 

(lCM  =  20  A.  VCEM  =  250  V.  IB1  •  1 .0  A, 
vBE(off)=5V.Tc=25»C) 

ts. 

1.0 

MS 

Crossover  Time 

■c 

0.3 

MS 

Fall  Time 

tfi 

0.15 

MS 

»ms.  Duty  Cycle  <  2% 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE 
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FIGURE  4  -  BASE-EMITTER  SATURATION  VOLTAGE 
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FIGURE  5  —  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  Cob.  OUTPUT  CAPACITANCE 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


INDUCTIVE  TESTCifiCUlT 


OUTPUT  WAVE 


l-ff),N.,31     I       |\|  I   V  ., 

z^Tm  LiJ.    ...  t    ^—i  — i — 

j!^  !_ 


T«il  E(juipm«nt 
Scop*  -  Ttktronix 


HESiSTIVC  TEST  CIRCUIT 


 I  


•Adjust  -  V  such  that  VgE(off)  =  5  V  except  as  required  for  RBSOA  (Figure  14). 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  TYPICAL  PEAK  REVERSE  BASE  CURRENT 
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FIGURE  9  -  TYPICAL  INDUCTIVE  SWITCHING  TIMES 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Iri  to  10%  Vcem 

trv  *  Voltage  Rise  Time,  10—90%  Vcem 

tf|  =  Current  Fall  Time,  90— 10%  Icm 

ttj  =  Current  Tail,  10— 2%  Icm 

tc  =  Crossover  Time,  1 0%  VCEM  to  1 0%  lCM 
An  enlarged  portion  of  the  inductive  switching  waveform 
is  shown  in  Figure  7  to  aid  on  the  visual  identity  of 
these  terms. 


For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A: 

PSWT=  1/2VCClc(tc)f 
In  general,  trv  +  tfj  s  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  orinented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  |tc  and  tsv)  which  are 
guaranteed  at  100°C. 


FIGURE  10  -  TYPICAL  TURN-ON  SWITCHING  TIMES 


FIGURE  11  -  TYPICAL  TURN-OFF  SWITCHING  TIMES 
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FIGURE  12  -  THERMAL  RESPONSE 
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The  Safe  Operating  Area  figures  shown  in  Figures  13  and  14  are 
specified  for  these  devices  under  the  test  conditions  shown. 

FIGURE  13  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q— Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  13  is  based  on  Tc  =  25°C;  Tj{pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 3  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 5. 

TJ(pk)  may  be  calculated  from  the  data  in  Figure  12. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1 4 
gives  the  RBSOA  characteristics. 


FIGURE  15  -  POWER  DERATING 
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Designer's  Data  Sheet 











SWITCHMODE  SERIES 
NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 
WITH  BASE-EMITTER  SPEEDUP  DIODE 

The  MJ1 0024  and  MJ10025  Darlington  transistors  are  designed 
for  high-voltage,  high-speed,  power  switching  in  inductive  circuits 
where  fall  time  is  critical.  They  are  particularly  suited  for 
line-operated  switchmode  applications  such  as: 

•  AC  and  DC  Motor  Controls 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Operating  Temperature  Range  -65  to  +200°C 

•  100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


20  AMPERE 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 

750  and  850  VOLTS 
250  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
"worst  case"  design. 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ10024 

MJ10025 

Unit 

Collector-Emitter  Voltage 

vCEO(sus| 

750 

850 

Vdc 

Collector-Emitter  Voltage 

VCEV 

1000 

1200 

Vdc 

Emitter  Base  Voltage 

VEB 

80 

Vdc 

Collector  Current  —  Continuous 
-Peak(l) 

ic 

'CM 

20 
40 

Adc 

Base  Current  —  Continuous 
—  Peak(1) 

'B 
'BM 

10 
20 

Adc 

Total  Power  Dissipation  @  Tq  =  25°C 
@TC=  100°C 

Derate  above  25°C 

Pd 

250 
143 
1.43 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  *200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R«jc 

0.7 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(11  Pulse  Test:  Pulse  Width  =  5  ms,  Duty  Cycle  st  10%. 

-3: 


STYLE  1 

PIN  1  BASE 

1  EMITTER 

CASE  COLLECTOR 


NOTES: 

1.  DIMENSIONS  0  AND  V  ARE  DATUMS. 

2.  IS  SEATING  PLANE  AND  DATUM. 
3  POSITIONAL  TOLERANCE  FOR 

MOUNTING  HOLE  0  

|  4  |  jlJlOMKl©  1  T  |V©| 

FOfl  LEAPS  

[  +  1  >  13  10.005)©  T  |  V®  |  Q©| 


D!V 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

:■  -■  ■ 

1  550 

£ 

21.08 

:.  SO. 

E 

S  35 

7.62 

0  ?5D 

0  300 

D 

1.09 

!J0?S 

0.W3 

E 

1.40 

1.78 

11  f)bb 

a  070 

F 

30  15  BSC 

G 

10.32  BSC         0  430  BSC 

5  46  BSC     |  071 

J 

16  89  BSC  066 

m 

K 

ii  IB 

12  19  1  0440 

0 

38! 

4  19 

0  160 

H 

26  6? 

'■  DbG 

U 

4  83 

5.33 

a  190 

0.210 

V 

3  ill 

4.19 

N  ibis 

CASE  1-06 
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ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  otherwise  noted) 


|    Min  | 


Unit 


Chara< 


Typ 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  1 ) 
(lc=  100  mA,  lB  =  0) 

MJ 10024 
MJ 10025 

VCEO(sus) 

750 
850 

Vdc 

Collector  Cutoff  Current 
(Vcev  =  Rated  Value.  VBE(off )  -IS  Vdc) 
(VCEV  =  Rated  Value.  VBE(on>)  =  1.5  Vdc.  Tc  =  1 5 

3°C) 

!CEV 

025 
5.0 

mAdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCEV.  RBE  =  50  n.  Tc  =  100°C) 

!CER 

5.0 

mAdc 

Emitter  Cutoff  Current 
(VEB=2.0V.  IC  =  0) 

lEBO 

175 

mAdc 

SECOND  BREAKDOWN 

• 

Second  Breakdown  Collector  Current  with  base  forward  biased 

'S/b 

See  Figure  14 

Clamped  Inductive  SOA  with  base  reverse  biased 

RBSOA 

See  Figure  1 5 

ON  CHARACTERISTICS  (1 ) 

DC  Current  Gain 
OC  =  5.0  Adc,  Vce  =  5.0  V| 

"FE 

50 

600 

Collector-Emitter  Saturation  Voltage 
0C=  10  Adc.  IB  =  1.0  Adc) 
IC  =  20  Adc,  lB  =  5  0  Adc) 
(lC=  10  Adc.  IB=  1.0  Adc.  Tc=  10O°C) 

VcE(sat) 

2.2 

5.0 
2.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc=10Adc.  lB=1.0Adc) 
(lC  S  10  Adc.  IB  =  1 .0  Adc,  Tc  =  100°C) 

VBE(sat] 

2.5 
2.5 

Vdc 

Diode  Forward  Voltage 
(If  =  10  Adc) 

Vf 

1.25 

4.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  1 0  Vdc,  lE  =  0.  ftest  =  1 .0  kHz) 

Cob 

110 

500 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 
Rise  Time 

<d 
<r 

0.03 
0  6 

0.3 
18 

(VCC  =  250  Vdc,  lc  =  10  A,  IB1  =  1  0  Adc, 

(IS 

Storage  Time 

VBE(off)=5.0  V,  tp=50^s. 
Duty  Cycle  <  2.0%) 

<s 

2.0 

5  0 

Fall  Time 

tf 

06 

1.8 

Inductive  Load,  Clamped  (Table  1) 

Storage  Time 
Crossover  Time 

(lCM  =  1 0  A.  VCEM  =  250  V,  lB1  =  1 .0  A. 
vBE(off)  =  5  V,  TC  =  100°C) 

ISV 

•c 

2  9 
10 

7.0 
3  3 

lis 

Storage  Time 
Crossover  Time 

(lCM=10A,  VCEM  =  250V,IB1  =  10A, 
RBE=24fl,  TC=  100">C 

>SV 

«c 

21 
9.0 

50 
25 

(IS 

Storage  Time 
Crossover  Time 

(lCM  =  10  A,  VCEM  =  250  V,  VBE(off|  =  5.0  V, 

tsv 

2.2 

l[31  Baker  Clamped  [1  Ampere  Source]. 
Tc=  100°C) 

•c 

05 

(1 )  Pulse  Test:  PW  =  300  ^s,  Duty  Cycle  <  2% 
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FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR  SATURATION  VOLTAGE 


FIGURE  4  -  BASE-EMITTER  SATURATION  VOLTAGE 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  C0b.  OUTPUT  CAPACITANCE 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


,  


Adiult 


R1  to  obtain  a  forced  hee  =  10 


£5 


IC  IRaaiifva 

Sw-tcning. 
Pud*  Width 
■  25  111) 


-t?-r^*sv 
.;>=L.0pf 


TUHN  ON  TIME 

 1 

$  I  " 

lB,  adjuatwd  to 
obtain  the  torcad 
"fe  daeirad 

TURN  OFF  TIME 
Um  inductlva  twitching 
circuit  m  Tha  input  to 
rri a  ratittiva  iati  circuit. 


co.i  ■  o  t  n 

clamo  "  vCEOIiui) 


Lcoi,  ■  100  (.H 
Rcoil  =  0.05  n 
VCC  =  20  V 


Q1  2N2907  Q5  MJE 15028 

Q2  2N2222  Dl  1N914 

Q3  2N3762  02  1N914 

Q4  MJE1502S  03  1N914 


Vcc  -  250  V 

R|_  "   25  Si 

PulM  Width  ■  25  m« 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


t-  Adjusted  t 
Obtain  ic 


■-co.,  iiea>i 

Te*t  Equipment 
Scopa  -  Taktron.H 
475  or  Equivalent 


•Adjust  -  V  such  that  VeE(off)  =  5  V  except  as  required  for  RBSOA  (Figure  14). 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  TYPICAL  PEAK  REVERSE  BASE  CURRENT 


16 

_  14 
a? 

I  12 

£  10 

cc 
cc 

3  8.0 
a    6  0 
|  4.0 
2.0 


0 


1.0 


2.0 


3.0 


4.0 


5.0 


6.0 


70 


FIGURE  10 

20 
18 
16 
14 

1  12 
|  >° 

2  8.0 

60 
40 
20 


VBE(off).  REVERSE  BASE  VOLTAGE  (VOLTS) 
-  TYPICAL  INDUCTIVE  SWITCHING  TIMES 


2.0  3.0  4.0  5.0  6.0  7.0 
vBE(oH|.  BASE-EMITTER  VOLTAGE  (VOLTS) 


00°C 

c  — 

9  100c 

C 

_ 
lt  @ 

25°C 

(-  'cm 

=  10  A 

■bi 

=  1.0  A 

VCEM  =  250  V 
1  1 

10  20  30  40 

RB£.  BASE  EMITTER  RESISTANCE  (OHMSI 


3-852 


MJ 10024,  MJ 10025 


■ 


SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Ir1  to  10%  Vqem 

trv  =  Voltage  Rise  Time,  10—90%  Vqem 

tfj  =  Current  Fall  Time,  90— 10%  Icm 

tti  =  Current  Tail.  10—2%  Icm 

tc  =  Crossover  Time,  1 0%  Vqem  t0  1 0%  'CM 
An  enlarged  portion  of  the  inductive  switching  waveform 
is  shown  in  Figure  7  to  aid  on  the  visual  identity  of 
these  terms. 

FIGURE  1 1  -  TYPICAL  TURN-ON  SWITCHING  TIMES 


For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A: 

PSWT  =  1  /2  Vcc'CCcX 
In  general.  trv  +  tfj  =  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  orinented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


FIGURE  12  -  TYPICAL  TURN-OFF  SWITCHING  TIMES 
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FIGURE  13  -  THERMAL  RESPONSE 
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The  Safe  Operating  Area  figures  shown  in  Figures  1 4  and  1 S  are 
specified  for  these  devices  under  the  test  conditions  shown. 

FIGURE  14  —  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA 


40 

35 

30 

25 

°  20 
u 

ij  i6 

10 
I  5  0 
0 


-  R 

BE  =  24 

■  uBE(oH 

=  5.0  V 

25°C  <  Tj 

<  100° 

200  400  600  800  1000  1200  1400 
VCEM  .  PEAK  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc — Vqe 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e..  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  14  is  based  on  Tc  =  25°C;  Tj(p|<) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  1 0%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 4  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  16. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  13. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage- 
current  condition  allowable  during  reverse  biased  turn-off . 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode. 
Figure  1  5  gives  the  REJ 
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Designer's  Data  Sheet 


25  kVA  ENERGY  MANAGEMENT  SERIES 
SWITCHMODE  DARLINGTON  TRANSISTORS 
25,  50  and  100  Ampere  Operating  Current 

These  Darlington  transistors  are  designed  for  industrial  service 
under  practical  operating  environments  requiring  fast  switching 
speed  for  highly  efficient  systems  operating  at  high  frequency 
such  as  inverters,  PWM  controllers  and  other  high  frequency  sys- 
tems operating  from  120,  230  and  460  V  lines. 


COLLECTOR 


•Emitter-Collector  Diode  is  a  fast  recovery  high  power  diode. 
Note:  The  8  ohm  resistor  is  not  included  in  the  MJ10044  and  MJ10047. 


25,  50,  and  100  AMPERE 
NPN  SILICON 
POWER  DARLINGTON 
TRANSISTOR 

250.  450  and  850  VOLTS 
250  WATTS 




Designer's  Data  for 
"Worst-Case"  Conditions 


The  Designer's  Data  Sheet  permits  the  design 
of  most  circuits  entirely  from  the  information 
presented.  Limit  data  —  representing  device 
characteristics  boundaries  —  are  given  to  facil- 
itate "worst-case"  design. 


MAXIMUM  RATINGS 


Mechanical  Ratings 

Rating 

Value 

Unit 

Mounting  Torque  (To  heat  sink  with  8-32  Screw) 
(Note  11 

8.0 

in.-lb 

Lead  Torque  (Lead  to  bus  with  5  mm  Screw) 
(Note  2) 

20 

in. -lb 

Per  Unit  Weight 

41 

grams 

THERMAL  CHARACTERISTICS 

Thermal  Resistance,  Junction  to  Case,  Rjjc 

0.5 

■CfW 

Mica  Insulators  available  as  separate  items. 
0.003"  thick.  Motorola  Part  Number  14CSB12387B003. 

a  washer  of  0.261"  O.D.,  0.138"  I.D.,  0.013"  thick  and  43  pounds  flat 

2.  The  maximum  penetration  of  the  screw  should  be  limited  to  0.50". 

3.  To  adapt  the  collector  and  emitter  terminals  to  quick  connect  terminals,  AMP 
250  Series  Faston  tab  P/N  61499-1  is  suggested. 

4.  The  mounting  holes  of  this  package  are  compatible  with  TO-204  (formerly 
TO-3)  r 


-P 

STYLE  1: 
PIN  1.  BASE 

2.  EMITTER 

3.  COLLECTOR 

4.  COLLECTOR  || 


T 


NOTES: 

1.  DIMENSIONS  A  AND  B  ARE  DATUMS  AND 
T  IS  80TH  A  DATUM  SURFACE  AND 
SEATING  PLANE. 

2.  POSITIONAL  TOLERANCE  FOR  MOUNTING 
HOLES: 

]-4-1<io.25<[].oioi®|t1aQ|b0| 

3.  dimensioning  and  tolerancing  per 

ANSI  Y14.5.1982. 

4.  CONTROLLING  DIMENSION:  INCH 
EXCEPT  FOR  METRICALLY  THREADED 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.1 1 

40.13 

1.540 

1.580 

a 

33.93 

34.95 

1.336 

1.376 

c 

20.32 

0.800 

D 

0.68 

0.83 

0.027 

0.033 

E 

8.30 

8.81 

0.327 

0.347 

F 

4.44 

0.175 

C 

29  6J  BSC 

1.168  BSC 

H 

5.08  BSC 

200  esc 

J 

0.93 

1.09 

0.037 

0.043 

K 

25  40 

1  000 

L 

2.92 

3.30 

0.115 

0  130 

it 

17.14 

17.39 

0.675 

0.685 

0 

3.73 

3.88 

0.147 

0.153 

n 

10.41 

10.79 

0.410 

0.425 

s 

5,84 

6.35 

0.230 

0.250 

LI 

M5  .8  (MET 

RIC  TH 

0) 

V 

1.27  1  1.52 

3  060 

W 

1.69  !  4.85 

X 

30.15  BSC 

1.11 

w- 

CASE  353-01 


O-ODD 
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MAXIMUM  RATINGS  (Continued)  (Tc  =  2S°C  unless  otherwise  noted.) 


Rating 

Symbol 

MJ10041 

MJ 10044 

MJ10047 

Unit 

Collector-Emitter  Voltage  (Ib  =  0) 

VCEO 

850 

450 

250 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  10  Ohms) 

VCER 

900 

500 

300 

Vdc 

Collector-Base  Voltage 

VCB 

900 

500 

300 

Vdc 

Emitter-Base  Voltage 

VEB 

8.0 

Vdc 

Collector  Current  —  Operating                           (Tc  =  1 15°C) 

(TC  =  85"C) 
[TC  =  85°C) 

'C(op) 

25 

50 

100' 

A 

Collector  Current  —  Continuous 

—  Peak  Repetitive 

—  Peak  Nonrepetitive 

ic 

37.5 
75 
125 

75 
150 
250 

100 
300 
500 

A 

Base  Current  —  Continuous 

—  Peak  Nonrepetitive 

IB 

25 
50 

A 

Total  Device  Dissipation 
Derate  above  Tc  =  25°C 
For  1-minute  overload 

PD 

250° 
333 

Watts 
W/°C 
Watts 

Operating  Junction  and  Storage  Temperature  Range 
For  1-minute  overload 

Tj.  Ts,g 

-55  to  +150 
-55  to  200 

°C 

ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 

(lC  =  125  mAdc)  MJ10041 

MJ 10044 
MJ 10047 

VcEO(sus) 

850 
450 
250 

Vdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCB.  VBE|off)  =  1.5  Vdc) 
(VCE  =  Rated  VCB.  VBE(off)  =  1.5  Vdc,  Tc  =  150°C) 

ICEV 

2.0 
10 

mA 

Collector  Cutoff  Current 
IVCE  =  Rated  VCER.  RBE  =  10  n,  Tc  =  100°C) 

ICER 

10 

mA 

Emitter  Cutoff  Current 

'EBO 

mA 

|VEB  =  4.0  Vdc.  IC  =  0)  MJ10041 

MJ  10044- 
MJ 10047 

500 

2.5 

SAFE  OPERATING  AREA 

Second  Breakdown  Collector  Current  with  Base  Forward-Biased 

FBSOA 

See  Figures  32,  34  &  36 

Clamped  Inductive  SOA  with  Base  Reverse-Biased 

RBSOA 

See  F 

igures  33,  35  &  37 

Overload  Safe  Operating  Area 

OLSOA 

See  Figures  38,  39,  40,  41,  42  &  43 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(Vcb  =  10  Vdc,  lE  =  0,  ftest  =  1.0  kHz) 

Cob 

2000 

PF 

(1)  Pulse  Test.  Pulse  width  of  300  fis,  duty  cycle  =£  2.0%. 

•This  rating  is  with  a  50%  duty  cycle,  and  is  limited  by  power  dissipation.  Higher  operating  currents  are  allowable  at  lower  duty  cycles. 


MJ 10041,  MJ10044.  MJ10047 


ELECTRICAL  CHARACTERISTICS  (Continued)  (Tc  =  25°C  unless  otherwise  noted.) 

rti  ■  ■  ■  ■■■■■hi 

Symbol 

Min 

Max 

Unit 

ON  CHARACTERISTICS  (1) 

MJ 10041 

DC  Current  Gain 

nFE 

HC  =  25  Adc.  VCE  =  5.0  Vdc) 
(lC  =  25  Adc,  Vce  =  10  Vdc) 

25 
40 

Collector-Emitter  Saturation  Voltage 
He  =  25  Adc,  Ib  =  2.0  Adc) 

VCE(sat) 

2.0 

Vdc 

dC  =  37.5  Adc,  lB  =  7.5  Adc) 

5.0 

dC  =  25  Adc,  Ib  =  2.0  Adc,  TC  =  100°C) 

2.5 

Base-Emitter  Saturation  Voltage 
dC  =  25  Adc,  lB  =  2.0  Adc) 
dC  =  25  Adc.  Ib  =  2.0  Adc,  Tc  =  100°C) 

vBE(sat) 

Vdc 

3.0 

3.0 

MJ10044 

DC  Current  Gain 

hFE 

llC  =  50  Adc,  VCE  =  5.0  Vdc) 
dC  =  50  Adc,  VCE  =  10  Vdc) 

50 
60 

Vdc 

Collector-Emitter  Saturation  Voltage 
dC  =  50  Adc,  Ib  =  1.67  Adc) 

vCE(sat) 

2.0 

(lC  =  75  Adc,  iB  =  6.0  Adc) 

3.3 

dC  =  50  Adc,  lB  =  1.67  Adc,  TC  =  100°C) 

2.5 

vBE(sat) 

Base-Emitter  Saturation  Voltage 
(lc  =  50  Adc,  lB  =  1.67  Adc) 
(lC  =  50  Adc,  lB  =  167  Adc,  TC  =  100°C) 

3.0 

Vdc 

3.0 

MJ10047 

DC  Current  Gain 

hFE 

(lC  =  100  Adc.  VCE  =  5.0  Vdc) 

dc  =  100  Adc,  Vce  =  10  vdc> 

75 
90 

Collector-Emitter  Saturation  Voltage 
(lC  =  100  Adc,  lB  =  2.75  Add 

VcE(sat) 

Vdc 

2.0 

(lC  =  100  Adc,  lB  =  2.75  Adc,  Tc  =  100°C) 

2.5 

Base-Emitter  Saturation  Voltage 
(lc  =  100  Adc.  IB  =  2.75  Adc) 
(lC  =  100  Adc,  lB  =  2.75  Adc.  TC  =  100°C) 

VBE(sat) 

3.5 

3.5 

Vdc 

(1)  Pulse  Test:  Pulse  width  of  300  txs,  duty  cycle  «  2.0%. 

ELECTRICAL  CHARACTERISTICS  (Continued)  (Tc  -  25°C  unless  otherwise  noted.) 

Characteristic                                  [  Symbol 

Min 

Typ 

Max 

Unit 

SWITCHING  CHARACTERISTICS 


MJ  10041 

Resistive  Load 

Delay  Time 

(VCC  =  300  Vdc,  Ic  =  25  A,  1B1  =  2.5  A, 
vBEIOFF)  -  5.0  V,  tp  -  50  (is. 
Duty  Cycle  s  2.0%) 

td 

0.03 

0.25 

(IS 

Rise  Time 

tr 

1.2 

5.0 

Storage  Time 

's 

3.3 

10 

Fall  Time 

tf 

1.5 

5.0 

Inductive  Load,  Clamped 

Storage  Time 

dCM  =  25  A, 
VCEM  =  300  V, 
VBE(OFF)  =  5.0  V, 
lB1  -  2.5  A) 

Tj  =  100X 

<sv 

5.0 

15 

Crossover  Time 

'c 

3.0 

10 

Storage  Time 

Tj  =  2S°C 

*sv 

3.5 

10 

Crossover  Time 

tc 

1.5 

5.0 

3-857 
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T*00rLM  .4^00rLW.  r*00tLM 


ELECTRICAL  CHARACTERISTICS  (Continued)  (Tp  =  25X  unless  otherwise  noted.)  

Characteristic  |    Symbol    |      Min  Typ  Max  Unit 


SWITCHING  CHARACTERISTICS  


MJ 10044 

Resistive  Load 

Delay  Time 

(VCc  =  250  Vdc.  IC  ■  50  A,  IB1  =  1.67  A, 
VBE(OFF)  -  5.0  V,  tp  -  50  lis. 
Duty  Cycle  s  2.0%) 

<d 

0.03 

0.25 

Rise  Time 

<r 

0.9 

3.0 

Storage  Time 

«s 

1.5 

3.8 

Fall  Time 

•f 

0.4 

1.3 

Inductive  Load,  Clamped 

Storage  Time 

("CM  =  50  A, 
VcEM  F  250  V, 

Tj  -  100°C 

lsv 

2.5 

7.5 

MS 

Crossover  Time 

«0 

0.8 

3.0 

Storage  Time 

VBE(OFF)  =  5.0  V, 

Tj  =  25°C 

'SV 

1.5 

3.8 

Crossover  Time 

■B1  -  1  -67  A) 

tc 

0.6 

1.5 

MJ10047 



Resistive  Load 

Delay  Time 

(Vcc  =  150  Vdc,  lC  =  100  A,  Ibi  =  2.75  A, 
VBEIOFF)  -  5.0  V,  tp  -  50  ms, 

td 

0.035 

0.25 

MS 

Rise  Time 

tr 

1.2 

4.0 

Storage  Time 

1.4 

4.0 

Duty  Cycle  s  2.0%) 

ts 

Fall  Time 

•f 

0.25 

1.0 

Inductive  Load,  Clamped 

Storage  Time 

dCM  =  100  A, 
VCEM  =  150  V, 
VBE(OFF)  =  5.0  V, 
lB1  =  2.75  A) 

Tj  =  100°C 

•sv 

2.8 

8.0 

US 

Crossover  Time 

tc 

1.4 

4.0 

Storage  Time 

Tj  =  25°C 

tsv 

2.2 

6.5 

Crossover  Time 

tc 

1.0 

3.0 

C-E  DIODE  CHARACTERISTICS 


Power  Dissipation  (Iq  =  0) 

125 

W 

Single  Cycle  Surge  Current  (60  Hz) 

Ifsm 

250 

Apk 

Forward  Voltage  (1) 

MJ10041 
MJ10044 
MJ10047 

vf 

2.7 
1.7 
2.5 

5.0 
5.0 

5.0 

Vdc 

(lF  =  25  Adc) 
(If:  =  50  Adc) 
dp  =  100  Add 

Reverse  Recovery  Time 
Up  =  25  Adc,  di/dt  =  25  A/^s) 
(lF  =  50  Adc,  di/dt  =  50  A/ns) 
(lF  =  100  Adc,  di/dt  -  100  A/^s) 

MJ 10041 
MJ 10044 
MJ 10047 

trr 

0.2 
0.4 
0.4 

1.0 
1.0 
1.0 

MS 

Reverse  Recovery  Current 
dp  =  25  A,  di/dt  =  25  AJia) 

MJ10041 

iRM(rec) 

3.5 

12.5 

A 

(lF  =  50  A,  di/dt  =  50  A//is) 

MJ 10044 

10 

25 

dp  =  100  A,  di/dt  =  100  A/ us) 

MJ10047 

25 

50 

Forward  Turn-On  Time  (Compliance  Voltage 
(lF  =  25  Adc) 

=  250  V) 

MJ10041 

ton 

0.1 

1.0 

/JS 

dp  =  50  Add 

MJ 10044 

0.1 

0.5 

(If  =  100  Adc) 

MJ 10047 

0.4 

1.0 

(1)  Pulse  Test:  Pulse  width  of  300  jis,  duty  cycle  «  2.0%. 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 
  MJ10041   
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FIGURE  3  —  DC  CURRENT  GAIN 


FIGURE  4  —  DC  CURRENT  GAIN 
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FIGURE  5  —  DC  CURRENT  GAIN 


FIGURE  6  —  DC  CURRENT  GAIN 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 


FIGURE  7  —  DC  CURRENT 
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FIGURE  9  —  DC  CURRENT  GAIN 
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FIGURE  8  —  COLLECTOR  SATURATION  VOLTAGE 
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FIGURE  10  —  COLLECTOR  SATURATION  REGION 
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FIGURE  11  —  DC  CURRENT  GAIN 
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FIGURE  12  —  COLLECTOR  SATURATION  REGION 
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TYPICAL 


MJ10041 


FIGURE  13  —  BASE-EMITTER  SATURATION  VOLTAGE 
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FIGURE  14  —  PEAK  REVERSE  BASE  CURRENT 
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FIGURE  15  —  BASE-EMITTER  SATURATION  VOLTAGE 


FIGURE  16  —  PEAK  REVERSE  BASE  CURRENT 
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FIGURE  17  —  BASE-EMITTER  SATURATION  VOLTAGE 
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FIGURE  18  —  PEAK  REVERSE  BASE  CURRENT 
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.  CHARACTERISTICS  (continued) 


FIGURE  19  -  TYPICAL  INDUCTIVE  SWITCHING  TIMES 


FIGURE  20  —  TYPICAL  TURN-ON  SWITCHING  TIMES 
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FIGURE  21  —  TYPICAL  INDUCTIVE  SWITCHING  TIMES 


FIGURE  22  —  TYPICAL  TURN-ON  SWITCHING  TIMES 
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FIGURE  23  —  TYPICAL  INDUCTIVE  SWITCHING  TIMES 
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FIGURE  24  —  TYPICAL  TURN-ON  SWITCHING  TIMES 
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FIGURE  29  —  TYPICAL  TURN-OFF  SWITCHING  TIMES 
MJ10O47 
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TABLE  1  —  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


L^oii  =  10  mH  VCC  =  10  V 

Rcoii  -  o.7  n 

Vetamp  =  VCEO(iu«) 


iBi  adjusted  to 
obtain  the  forced 
hfE  desired 
TURN-OFF  TIME 
Use  inductive  twitching 
circuit  as  the  input  to 
the  resistive  test  circuit. 


Vcc  =  150to300  V 
Pulse  Width  =  50  ^ 
Adjust  RL  for  !CM 


INDUCTIVE  TEST  ORCUiT 


'CM 


Input 
i  Above  for 
Detailed  Conditions    j    VC|arnp  |fc 


nditions    j    vclamp  ^_ 


Vcc  VCE 


VCEM 


tf  Clamped 
-< 


Vclamp 


( ,  Adjuated  to 
Obtain  lc 

'  vcc 

,;  .  koll  "CM) 
Vetamp 


l-tj-t 


Test  Equipment 
"  1        Scope  —  Tektronix 

4750rEqtjlVa'9nt 


'Adjust  —  V  such  that  VBE)o(J)  = 


5  0V  except  as  required  for  RBSOA 

SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCH- 
MODE  power  supplies  and  motor  controls,  current  and 
voltage  waveforms  are  not  in  phase.  Therefore,  sepa- 
rate measurements  must  be  made  on  each  waveform 
to  determine  the  total  switching  time.  For  this  reason, 
the  following  new  terms  have  been  defined. 

tjy  =  Voltage  Storage  Time,  90%  I[)1  to  10% 
VCEM 

try  =  Voltage  Rise  Time,  10-90%  Vqem 
tfj  =  Current  Fall  Time,  90-10%  Icm 
ttj  =  Current  Tail,  10-2%  Icm 
tj   =  Crossover  Time,  10%  Vqem  to  10%  'CM 


An  enlarged  portion  of  the  inductive  switching  wave- 
FKaURE  30  —  INDUCTIVE  SWITCHING  MEASUREMENTS 


form  is  shown  in  Figure  30  to  aid  on  the  visual  identity 
of  these  terms. 

For  the  designer,  there  is  minimal  switching  loss  dur- 
ing storage  time  and  the  predominant  switching  power 
losses  occur  during  the  crossover  interval  and  can  be 
obtained  using  the  standard  equation  from  AN-222A: 

PSWT  =  '/2  Vcclc(tc)f 
In  general,  tn  +  tfj=tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resis- 
tive switching  is  specified  at  25°C  and  has  become  a 
benchmark  for  designers.  However,  for  designers  of 
high  frequency  converter  circuits,  the  user-oriented 
specifications  which  make  this  a  "SWITCHMODE"  tran- 
sistor are  the  inductive  switching  speeds  (tc  and  tsv) 
which  are  guaranteed  at  100°C. 


FIGURE  31  -  THERMAL  RESPONSE 


1.0  10 
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FIGURE  32  —  MAXIMUM  RATED  FORWARD-BIAS 
SAFE  OPERATING  AREA  (FBSOA) 


SAFE  OPERATING  AREA  INFORMATION 

  MJ10041   


FIGURE  33  —  MAXIMUM  RATED  REVERSE-BIAS 
SAFE  OPERATING  AREA  (RBSOA) 
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-Thermal  Limit  @  Trj  =  25°C= 
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FIGURE  34  —  MAXIMUM  RATED  FORWARD-BIAS 
SAFE  OPERATING  AREA  (FBSOA) 


-  T 

s  lOOt  - 
;/lB  *  10 

1 

VBE( 

3FF)  = 

5.0  V 

VCE.  PEAK  COLLECTOR-EMITTER  VOLTAGE  (V0LTSI 

FIGURE  35  —  MAXIMUM  RATED  REVERSE-BIAS 
SAFE  OPERATING  AREA  (RBSOA) 


Tis 

100  t 

3  20 

VBEIOFF 
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FIGURE  36  —  MAXIMUM  RATED  FORWARD-BIAS 
SAFE  OPERATING  AREA  (FBSOA) 
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FIGURE  37  —  MAXIMUM  RATED  REVERSE-BIAS 
SAFE  OPERATING  AREA  (RBSOA) 
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FIGURE  38  —  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOA) 


OVERLOAD  CHARACTERISTICS 

^ ™  MJ10O41 


FIGURE  39  —  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOA) 
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FIGURE  40  —  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOA) 
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FIGURE  41  —  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOA) 
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FIGURE  42  —  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOA) 


500 
MJ10047 


j- 

TC  = 

25°C 

!_ 

=  5-0/. 

lS  

=  20  u 

0  1 

0            200             300  41 
VrE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS 

0  5C 

FIGURE  43  —  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOA) 


500 


200 


100 

o 


25°C- 

—  'P 

=  5  0 

iS  

1 

 -w  'r 

=  20, 

s 

Z  20 


25°C- 

=  5.0  » 

s 

U 

=  20, 



1  1 

0 


VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI 


100  200 
VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTSI 


250 


J-ODO 


MJ 10041,  MJ10044,  MJ 10047 


SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  abil- 
ity of  a  transitor:  average  junction  temperature  and  sec- 
ond breakdown.  Safe  operating  area  curves  indicate 
\q  —  Vce  limits  of  the  transistor  that  must  be  observed 
for  reliable  operation;  i.e.,  the  transistor  must  not  be 
subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  32,  34,  and  36  are  based  on  Trj 
=  25°C;  Tj(n|()  is  variable  depending  on  power  level. 
Second  breakdown  pulse  limits  are  valid  for  duty  cycles 
to  10%  but  must  be  derated  when  Tq  s  25°C.  Second 
breakdown  limitations  do  not  derate  the  same  as  ther- 
mal limitations.  Allowable  current  at  the  voltages  shown 
on  these  figures  may  be  found  at  any  case  temperature 
by  using  the  appropriate  curve  on  Figure  28. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  31. 
At  high  case  temperatures,  thermal  limitations  will  re- 
duce the  power  that  can  be  handled  to  values  less  than 
the  limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse- 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value 
of  collector  current.  This  can  be  accomplished  by  sev- 
eral means  such  as  active  clamping,  RC  snubbing,  load 
line  shaping,  etc.  The  safe  level  for  these  devices  is 
specified  as  Reverse-Bias  Safe  Operating  Area  and  rep- 
resents the  voltage-current  condition  allowable  during 
reverse-biased  turn-off.  This  rating  is  verified  under 
clamped  conditions  so  that  the  device  is  never  subjected 
to  an  avalanche  mode.  Figures  33,  35  and  37  give  the 
RBSOA  characteristics. 

OVERLOAD  SAFE  OPERATING  AREA 

The  forward-bias  safe  operating  area  (FBSOA)  spec- 
ification given  in  these  figures  adequately  describes 
transistor  capability  for  normal  repetitive  operation. 
When  short  circuit  or  fault  conditions  occur,  these  tran- 
sistor specifications  are  not  always  adequate.  A  speci- 
fication called  overload  safe  operating  area  (OLSOA) 
has  been  developed  to  describe  the  transistor's  ability 
to  survive  under  fault  conditions.  OLSOA  is  specified 
under  two  types  of  conditions. 

TYPE  I  OLSOA 

Type  I  OLSOA  applies  when  maximum  collector  cur- 
rent is  limited  and  known.  A  good  example  is  a  circuit 
where  an  inductor  is  inserted  between  the  transistor 
and  the  bus,  which  limits  the  rate  of  rise  of  collector 
current  to  a  known  value.  If  the  transistor  is  then  turned 
off  within  a  specified  amount  of  time,  the  magnitude  of 
collector  current  is  also  known.  Figures  38,  40  and  42 
depict  the  Type  I  OLSOA  rating  for  these  devices.  Max- 
imum allowable  collector-emitter  voltage  versus  collec- 


tor current  is  plotted  for  several  pulse  widths.  (Pulse 
width  is  defined  as  the  time  lag  between  the  fault  con- 
dition and  the  removal  of  base  drive.)  Storage  time  of 
the  transistor  has  been  factored  into  the  curve.  There- 
fore, with  bus  voltage  and  maximum  collector  current 
known,  these  figures  define  the  maximum  time  which 
can  be  allowed  for  fault  detection  and  shutdown  of  base 
drive. 

Type  I  OLSOA  is  measured  in  a  common-base  circuit 
(Figure  44)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  oper- 
ating area. 

TYPE  II  OLSOA 

Type  II  OLSOA  applies  when  maximum  collector  cur- 
rent is  not  limited  by  circuit  design,  but  is  limited  only 
by  the  gain  of  the  transistor.  Therefore,  collector  current 
does  not  appear  on  the  Type  II  OLSOA  curve.  This  curve 
defines  a  safe  region  of  operation  from  the  information 
that  is  usually  available  to  the  designer. 

This  information  is  normally  base  drive,  bus  voltage 
and  time.  In  terms  of  the  OLSOA  curve,  bus  voltage  is 
assumed  to  be  worst-case  collector-emitter  voltage,  and 
time  is  defined  to  be  the  same  pulse  width  that  was 
described  for  Type  I  OLSOA.  Using  these  variables, 
maximum  collector-emitter  voltage  versus  base  drive 
is  plotted  for  several  values  of  pulse  width.  A  safe  region 
of  operation  is  thus  determined  by  the  circuit  parame- 
ters. Type  II  OLSOA,  as  shown  in  Figures  39,  41  and  43 
are  measured  in  the  circuit  shown  in  Figure  45,  and 
measurement  is  made  as  follows:  Base  current  is  ap- 
plied while  the  collector  is  open,  allowing  a  highly  over- 
driven saturated  condition.  Next,  a  stiff  voltage  source 
is  applied  to  the  collector.  The  rising  voltage  at  the  col- 
lector of  the  transistor  triggers  a  delay  function.  At  the 
end  of  this  delay,  base  drive  is  removed.  The  delay  time 
is  the  variable  on  the  Type  II  OLSOA  curve.  The  storage 
time  of  the  transistor  is  thereby  factored  into  the  rating. 

There  are  several  additional  aspects  to  be  considered 
regarding  OLSOA.  The  first  consideration  is  that  OLSOA 
is  strictly  a  NON-REPETITIVE  rating.  It  is  intended  to 
describe  the  survivability  of  the  transistor  during  an 
accidental  overload  and  is  not  intended  to  describe  a 
stress  level  which  can  be  sustained  indefinitely.  The 
number  of  nonrepetitive  faults  for  which  OLSOA  is  de- 
fined for  these  devices  is  100  occurrences.  Another 
factor  is  the  form  of  turn-off  bias.  For  these  devices, 
turn-off  bias  has  relatively  little  effect  on  its  OLSOA 
capability.  This  observation  is  valid  from  Ig2  =  0  (soft) 
»°  VBE(off)  =  5.0  V  (stiff). 

OLSOA  is  subject  to  the  same  derating  with  temper- 
ature as  normal  FBSOA.  The  second  breakdown  de- 
rating curve  is  applied  to  the  allowable  current  at  any 
given  voltage,  using  the  same  procedure  that  is  fol- 
lowed with  pulsed  FBSOA. 
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OVERLOAD  SAFE  OPERATING  TEST  CIRCUITS 


FIGURE  44  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  I  (OLSOA) 


E  vcc 


Notes: 

•  VCE  =  Vcc  *  VBE 

•  Adiust  pulsed  current  source 

for  desired  \q.  tp 


FIGURE  45  —  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  II  (OLSOA) 


[~  Mercury  Relay 


Notes: 

•  Rep  Rate  s  10  Hz 

•  Adjust  R1  for  desired  lg 

•  Pulse  delay  time  at  the 
generator  determines  pulse 
width  at  the  device  under  test 
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Designer's  Data  Sheet 


25  KVA  ENERGY  MANAGEMENT  SERIES 
SWITCHMODE  DARLINGTON  TRANSISTORS 
25,  50  and  100  Ampere  Operating  Current 

These  Darlington  transistors  are  designed  for  industrial  service 
under  practical  operating  environments  found  in  switching  high 
power  inductive  loads  off  120,  230  and  460  Volt  lines. 


BASE 


COLLECTOR 


•Emitter-Collector  Diode  is  a  high 


25.  50.  and  100  AMPERE 
NPN  SILICON 
POWER  DARLINGTON 
TRANSISTOR 

250.  450  and  850  VOLTS 
250  WATTS 


Designer's  Data  for 
"Worst-Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirelyfrom 
the  information  presented.  Limitdata— 
representing  device  characteristics 
boundaries — are  given  to  facilitate 
"worst-case''  design. 


MAXIMUM  RATINGS 


Mechanical  Ratings 

Rating 

Value 

Unit 

Mounting  Torque  (To  heat  sink  with  6-32  Screw) 
(Note  1) 

8.0 

in  -lb 

Lead  Torque  (Lead  to  bus  with  5  mm  Screw) 
(Note  2) 

20 

in. -lb 

Per  Unit  Weight 

41 

grams 

THERMAL  CHARACTERISTICS 


Thermal  Resistance,  Junction  to  Case.  Rgjc 


Mica  Insulators  available  as  separate  items. 

0.  003.  thick.  Motorola  Part  Number  14CSB1  2387B003 
Notes: 

1 .  A  Belleville  washer  of  0.281 ■  O.D.,  0.1 38"  I.D.,  0.01 3"  thick  and  43  pounds  flat  is 
recommended. 

2.  The  maximum  penetration  of  the  screw  should  be  limited  to  0.50". 

3.  To  adapt  the  collector  and  emitter  terminals  to  quick  connect  terminals,  AMP  250 
Series  Faston  tab  P/N  61499-1  is  suggested. 

4.  The  mounting  holes  of  this  package  are  compatible  with  TO-204  (formerly  TO-3) 
mounting  holes. 


STYLE  I: 
PIN  1.  BASE 

2.  EMITTER 

3.  COLLECTOR 

4.  COLLECTOR 


m 


NOTES: 

1.  DIMENSIONS  A  AND  B  ARE  DATUMS  AND 
T  IS  BOTH  A  DATOM  SURFACE  AND 
SEATING  PLANE. 

2.  POSITIONAL  TOLERANCE  FOR  MOUNTING 
HOLES:  

1-»1«0.25  10.0101  ®|TjAQlB0| 

3.  DIMENSIONING  AND  TOLERANCING  PER 
ANSI  Y14.5, 1982. 

4.  CONTROLLING  DIMENSION:  INCH 
EXCEPT  FOR  METRICALLY  THREAOED 
INSERTS. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.11 

40.13 

1.540 

1.580 

B 

33  93 

34  95 

1.336 

1.376 

C 

20.32 

0.800 

0 

0.68 

0.83 

0.027 

0.033 

E 

830 

881 

0.327 

0.347 

F 

4.44 

0.175 

G 

29.67  BSC 

1.168  BSC 

H 

5  08  BSC 

0.200 

BSC 
0.043 

J 

0.93 

1  09 

0.037 

K 

25.40 

1.000 

L 

2.92 

3.30 

0.115 

0.130 

N 

17.14 

17.39 

0.675 

0.685 

0 

3.73 

3.88 

0  147 

0.153 

R 

1041 

10.79 

0.410 

0.425 

S 

584 

6.35 

0  230 

0.250 

u 

M5  .8  (METRIC  THRDI 

V 

1.27 

1.52 

0.050 

0.060 

w 

4.69 

4.85 

0.185 

0.191 

x 

30  IS  BSC 

1.167 

BSC 

CASE  353  01 
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MAXIMUM  RATINGS  (Continued)  (Tc  =  25°C  unless  otherwise  noted  ! 

 r   

Rating 


MJ 10042    MJ 10045    MJ 10048 


Collector-Emitter  Voltage  (In,  »  0| 


VCEO 


Vdc 
Vdc 


Collector-Emitter  Voltage  (RBE  =  10  Ohms) 


VCER 


Collector-Base  Voltage 


VCB 


Emitter-Base  Voltage 


VEB 


Vdc 


-  Continuous 

—  Peak  Repetitive 

—  Peak  Non repetitive 


<TC  =  1 1  5°C) 
<TC  =  85°C) 
(TC  *  8S°C| 


'C(op) 


100' 


Collector  Current 


37.5 
75 
125 


75 
150 
250 


100 
300 
500 


Base  Current  —  Continuous 

-  Peak  Nonrepetitive 


25 
50 


Total  Device  Dissipation 
Derate  above  Jq  =  25°C 
For  1  -minute  overload 


Operating  Junction  and  Storage  Temperature  Range 


PD 


250 
2.0 
333 


Watts 
W/°C 
Watts 


For  1  -minute  overload 


TJ.  Tstg 


-55  to +150 
-55  to  200 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


Symbol 


|    Max  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1 ) 
(lC=125mAdc)  MJ10042 

MJ 10045 
M J 10048 

vCEO(sus) 

850 
450 
250 

Vdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCB.  VBE(o,f)  =  1 .5  Vdcl 
(VCE  =  Rated  VCB,  VBE(o(f)  =  1 .5  Vdc.  Tc  =  1 50°C] 

'CEV 

2  0 

10 

mA 

Collector  Cutoff  Current 
(VCE  =  Rated  VCER.  RBE  =  1°     Tc  =  100-C) 

'CER 

10 

mA 

Emitter  Cutoff  Current 
(VEB  i  4.0  Vdc.  IC  =  0) 

^BO 

350 

mA 

SAFE  OPERATING  AREA 


Second  Breakdown  Collector  Current  with  Base  Forward-Biased 

FBSOA 

See  Figures  32,  34  &  36 

Clamped  Inductive  SOA  with  Base  Reverse-Biased 

RBSOA 

See  Figures  33,  35  &  37 

Overload  Safe  Operating  Area 

OLSOA 

See  Figures  38.  39.  40.  41 ,  42  &  43 

DYNAMIC  CHARACTERISTICS 


Output  Capacitance 

Cob 

2000 

pF 

(VCB=  10  Vdc,  lE  =  0.  f,est  =  1  °  kHz) 

(1 )  Pulse  Test  Pulse  width  of  300  fis,  duty  cycle  =£2.0%. 

*     This  rating  is  with  a  50%  duty  cycle,  and  is  limited  by  power  dissipation  Higher  operating  currents  are  allowable  at  lower  duty  cycles 
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ELECTRICAL  CHARACTERISTICS  (Continued)  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


Symbol 


Min 


ON  CHARACTERISTICS  (1| 


MJ10042 


DC  Current  Gain 
(lC  =  25Adc,  VCE=5.0Vdc) 
(lc  s  25  Adc,  VCE=  10  Vdc) 


nFE 


35 
40 


Collector-Emitter  Saturation  Voltage 
(lc  =  25  Adc,  lB  =  2.0  Adc) 
dC  =  37.5  Adc.  IB  =  7.5  Adc) 
flC  =  25  Adc,  Ifj  ?  2.0  Adc,      =  100°C) 


vCE(sat) 


2.0 
5.0 
2.5 


Base-Emitter  Saturation  Voltage 
(lc=25Adc,  lB=20Adc) 

•  25  Adc,  lB  =  2.0  Adc,  Tc  =  1 00-C) 


vBE(sat) 


"C  = 


3.0 
3.0 


MJ10045 


DC  Current  Gain 
dc  =  50  Adc,  VCE  =  5.0  Vdc) 
dC  =  50  Adc,  Vce  =  1 0  Vdc) 


nFE 


50 
60 


Collector-Emitter  Saturation  Voltage 
(lc  =  50  Adc,  lB  a  1 .67  Adc) 
dC  =  75  Adc,  lB  =  6.0  Adc) 
(lc  =  50  Adc,  lB  »  1 .67  Adc.  Tc  s  100oC) 


vCE(sat) 


2.0 
3.3 
2.5 


Base-Emitter  Saturation  Voltage 
dC=50Adc,  lB=  1.67  Adc) 
(lC  =  50  Adc,  lB  =  1 .67  Adc,  TC  =  100"C) 


vBE(sat) 


Vdc 





MJ  10048 


DC  Current  Gain 
(lc=  100  Adc.  VCE  =  5.0  Vdc) 
dC=  100  Adc,  VCe  =  10  Vdc) 


nFE 


75 
90 


Collector-Emitter  Saturation  Voltage 
(lc=  100  Adc,  lB=  2.75  Adc) 
dc=  100  Adc,  lB=  2.75  Adc,  Tc  =  100°C) 


vCE(sat) 


2.0 
2.5 


Base-Emitter  Saturation  Voltage 
dc=  100  Adc,  lB=  2.75  Adc) 
(lC=  100  Adc,  lB=  2.75  Adc,  Tc  =  100°C) 


VBE(sat) 


3.0 
3.0 


1 )  Pulse  Test:  Pulse  width  of  300  *is,  dutv  cvcle  ^  2.0%. 
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ELECTRICAL  CHARACTERISTICS  (Continued)  (Tc  =  25°C  unless  otherwise  noted! 

Characteristic  |    Symbol    [      Min  Typ  Max  Unit 

SWITCHING  CHARACTERISTICS 


MJ10042 

Resistive  Load 

Delay  Time 

(VCC  s  300  Vdc,  lc  =  25  A,  Ibi  =  2.0  A, 

RqF  =  10  n,  tp  =  50  >is. 

Duty  Cycle  <  2.0%) 

Id 

0.03 

0.25 

Rise  Time 

«r 

1.2 

5.0 

Storage  Time 

<s 

35 

100 

Fall  Time 

'f 

85 

35 

Inductive  Load,  Clamped 

Storage  Time 

(lCM  =  25  A, 

Vcem  =  350v,  Rbe  =  10  a 

lB1  =  2  0  A) 

Tj=  100°C 

'sv 

50 

150 

/IS 

Crossover  Time 

tc 

20 

60 

Storage  Time 

Tj  = 25°C 

isv 

35 

100 

Crossover  Time 

tc 

10 

35 

MJ 10045 

Resistive  Load 

Delay  Time 

(VCC  =  250  Vdc,  lc  «  50  A,  lB1  =  1  67  A, 
Rbe=  10  O.  tp=  50  (is, 
Duty  Cycle  <  2.0%) 

td 

0.03 

0.25 

MS 

Rise  Time 

V 

09 

3.0 

Storage  Time 

'5 

10 

25 

Fall  Time 

If 

3.0 

10 

Inductive  Load,  Clamped 

Storage  Time 

(lCM  =  50A. 

vcem  =  250v,  R8E=ioa 

■B1  =  1-67  A) 

^=10000 

tsv 

15 

50 

MS 

Crossover  Time 

tc 

4.0 

15 

Storage  Time 

Tj  =  25°C 

tsv 

10 

25 

Crossover  Time 

tc 

2.7 

10 

MJ10048 

Resistive  Load 

Delay  Time 

(VCC  =  1 50  Vdc,  lc  =  1 00  A,  lB1  =  2.75  A, 
RBE  "  10  n.  tp=  50  mS. 
Duty  Cycle  =S  2.0%) 

td 

0.035 

0.25 

MS 

Rise  Time 

tr 

1.2 

4.0 

Storage  Time 

>s 

6  3 

20 

Fall  Time 

tf 

2  5 

8.0 

Inductive  Load,  Clamped 

Storage  Time 

('CM  =  100  a, 

VCEM=  150V,  RBE=  ion, 
lB1  =  2.75  A) 

Tj  -  100°C 

tsv 

9  0 

30 

MS 

Crossover  Time 

tc 

3  3 

12 

Storage  Time 

Tj  =  25°C 

tsv 

6.5 

20 

Crossover  Time 

tc 

2  3 

8.0 

C-E  DIODE  CHARACTERISTICS 

Power  Dissipation  (lg  =  0) 

PD 

125 

w 

Single  Cycle  Surge  Current(60  Hzl 

!FSM 

250 

Apt 

Forward  Voltage  (1) 
(lF  =  25Adc)  MJ10042 
|lF=50Adc)                                                     MJ  10045 
(lF=100Adc)  MJ10048 

Vf 

1.5 
1.5 

Vdc 

Reverse  Recovery  Time  (d/d,  =  25  A/ms) 
(lF=25Adc)  MJ10042 
Op  =50  Adc)  MJ10045 
(lF=100Adc)  MJ10048 

trr 

4.0 
3.3 
2  5 

12 
10 
8.0 

MS 

Forward  Turn-On  Time  (Compliance  Voltage  =  250  V) 
(lF=25Adc)                                                     MJ  10042 
|lF=50Adc)                                                     MJ  10045 
(lF=100Adc)  MJ10048 

ton 

0.3 
03 
1.0 

1.2 
1.0 
3.5 

MS 

(1)  Pulse  Test  Pulse  width  of  300  ^s,  duty  cycle  s£2.0%. 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 
  MJ10042   


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  —  DC  CURRENT  GAIN 
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MJ 10045   


FIGURE  3  -  DC  CURRENT  GAIN 


FIGURE  4  -  DC  CURRENT  GAIN 
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FIGURE  5  —  DC  CURRENT  GAIN  FIGURE  6  -  DC  CURRENT  GAIN 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 
  MJ 10042  


FIGURE  7  —  DC  CURRENT  GAIN 
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FIGURE  9  -  DC  CURRENT  GAIN 
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FIGURE  8  -  COLLECTOR  SATURATION  VOLTAGE 
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FIGURE  10  -  COLLECTOR  SATURATION  REGION 
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FIGURE  1 1  -  DC  CURRENT  GAIN 
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FIGURE  12  -  COLLECTOR  SATURATION  REGION 


2.0 

§  '■" 
o 

z  16 

o 

<  14 
o 

>  1.2 
cc 

t  1.0 

a 

a 

g  0.6 

£  0.4 
o 

B  0.2 


-ic'i 

i  =  : 

5 

— 

=  25°C 

a 

° 

 1 

2.0    3.0      50         10  25  50 

ft  COLLECTOR  CURRENT  (AMPSI 


100 


3-874 


MJ10042.  MJ10045,  MJ10048 


TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 
  MJ10042   


FIGURE  13  -  BASE-EMITTER  SATURATION  VOLTAGE 
2  4r 


FIGURE  14  -  TYPICAL  PEAK  REVERSE  BASE  CURRENT 
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FIGURE  15  -  BASE-EMITTER  SATURATION  VOLTAGE 
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FIGURE  16  -  TYPICAL  PEAK  REVERSE  BASE  CURRENT 
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FIGURE  17  -  BASE-EMITTER  SATURATION  VOLTAGE 
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FIGURE  18  -  TYPICAL  PEAK  REVERSE  BASE  CURRENT 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 
 MJ10042  


FIGURE  19  -  TYPICAL  INDUCTIVE  SWITCHING  TIMES 

50  r 


FIGURE  20  -  TYPICAL  TURN-ON  SWITCHING  TIMES 
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FIGURE  21  -  TYPICAL  INDUCTIVE  SWITCHING  TIMES 


FIGURE    2  -  TYPICAL  TURN-ON  SWITCHING  TIMES 
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FIGURE  23  -  TYPICALINDUCT1VE  SWITCHING  TIMES 
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FIGURE  24  -  TYPICAL  TURN-ON  SWITCHING  TIMES 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 


FIGURE  25  —  TYPICALTURN-OFF  SWITCHING  TIMES 
MJ 10042 
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FIGURE  26  -  EMITTER-COLLECTOR  DIODE 
FORWARD  VOLTAGE 


-T 

J  = 

2 

5C 

C 

/ 

y 

1.0         2  0    3.0      5.0  10  25 

lp.  FORWARD  CURRENT  (AMPS) 


3-877 


MJ10042,  MJ10045,  MJ10048 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


•Adjust  -  V  such  ihat  VBE(off)  -  5  0  V  except  I 


s  required  for  RBSOA 

SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  motor  controls,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Iri  to  10  %  VqeM 

trv  =  Voltage  Rise  Time.  10—90%  Vcem 

tfj  =  Current  Fall  Time,  90— 10%  IcM 

ttj  =  Current  Tail,  10—2%  Icm 

tc  =  Crossover  Time,  10%  VcEM  to  10%  IcM 

An  enlarged  portion  of  the  inductive  switching  waveform 

FIGURE  30  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


is  shown  in  Figure  30  to  aid  on  the  visual  identity  of 
these  terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A: 

pswt=  i/avctfcfrfetf 

In  general,  trv  f  tfj  —  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user-oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 

FIGURE  31  -  THERMAL  RESPONSE 
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FIGURE  32  -  MAXIMUM  RATED  FORWARD- BIAS 
SAFE  OPERATING  AREA  (FBSOA) 


SAFE  OPERATING  AREA  INFORMATION 
 M  J 1 0042  


FIGURE  33  -  MAXIMUM  RATED  REVERSE-BIAS 
SAFE  OPERATING  AREA  (RBSOA) 
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FIGURE  34  —  MAXIMUM  RATED  FORWARD-BIAS 
SAFE  OPERATING  AREA  (FBSOA) 


FIGURE  36  —  MAXIMUM  RATED  REVERSE-BIAS 
SAFE  OPERATING  AREA  {RBSOA) 
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FIGURE  37  -  MAXIMUM  RATED  REVERSE-BIAS 
SAFE  OPERATING  AREA  (RBSOA) 
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OVERLOAD  CHARACTERISTICS 


FIGURE  38  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOA) 


FIGURE  39  —  OVERLOAD  SAFE  OPERATING  AREA 
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FIGURE  40  —  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOA) 


FIGURE  41  —  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOA) 
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FIGURE  42  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOA) 
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FIGURE  43  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOA) 
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SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q — Vqe 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  32.  34  and  36  are  based  on  Tc  = 
25°C;Tj(p|(|  is  variable  depending  on  power  level.  Second 
breakdown  pulse  limits  are  valid  for  duty  cycles  to  1 0%  but 
must  be  derated  when  Trj  ^  25°C.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
Allowable  current  at  the  voltages  shown  on  these  figures 
may  be  found  at  any  case  temperature  by  using  the  appro- 
priate curve  on  Figure  28 

Tj(pk)  maV  De  calculated  from  the  data  in  Figure  31. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse-biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse-Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse-biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figures 
33,  35  and  37  give  the  RBSOA  characteristics. 

OVERLOAD  SAFE  OPERATING  AREA 

The  forward-bias  safe  operating  area  (FBSOA)  specifica- 
tion given  in  these  figures  adequately  describes  transistor 
capability  for  normal  repetitive  operation.  When  short  cir- 
cuit or  fault  conditions  occur,  these  transistor  specifications 
are  not  always  adequate.  A  specification  called  overload 
safe  operating  area  (OLSOA)  has  beendeveloped  to  describe 
the  transistor's  ability  to  survive  under  fault  conditions. 
OLSOA  is  specified  under  two  types  of  conditions. 

TYPE  I  OLSOA 

Type  I  OLSOA  applies  when  maximum  collector  current 
is  limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known.  Figures  38,  40  and  42  depict  the  Type  I  OLSOA 
rating  for  these  devices.  Maximum  allowable  collector- 


emitter  voltage  versus  collector  current  is  plotted  for 
several  pulse  widths.  (Pulse  width  is  defined  as  the  time 
lag  between  the  fault  condition  and  the  removal  of  base 
drive.)  Storage  time  of  the  transistor  has  been  factored 
into  the  curve.  Therefore,  with  bus  voltage  and  maximum 
collector  current  known,  these  figures  define  the  maxi- 
mum time  which  can  be  allowed  for  fault  detection  and 
shutdown  of  base  drive. 

Type  I  OLSOA  is  measured  in  a  common-base  circuit 
(Figure  44)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 

TYPE  II  OLSOA 

Type  II  OLSOA  applies  when  maximum  collector  current 
is  not  limited  by  circuit  design,  but  is  limited  only  by  the 
gain  of  the  transistor.  Therefore,  collector  current  does  not 
appear  on  the  Type  II  OLSOA  curve.  This  curve  defines  a 
safe  region  of  operation  from  the  information  that  is  usually 
available  to  the  designer. 

This  information  is  normally  base  drive,  bus  voltage  and 
time.  In  terms  of  the  OLSOA  curve,  bus  voltage  is  assumed 
to  be  worst-case  collector-emitter  voltage,  and  time  is 
defined  to  be  the  same  pulse  width  that  was  described  for 
Type  I  OLSOA.  Using  these  variables,  maximum  collector- 
emitter  voltage  versus  base  drive  is  plotted  for  several 
values  of  pulse  width.  A  safe  region  of  operation  is  thus 
determined  by  the  circuit  parameters.  Type  II  OLSOA,  as 
shown  in  Figures  39,  41  and  43  are  measured  in  the  cir- 
cuit shown  in  Figure  45,  and  measurement  is  made  as 
follows:  Base  current  is  applied  while  the  collector  is 
open,  allowing  a  highly  overdriven  saturated  condition. 
Next,  a  stiff  voltage  source  is  applied  to  the  collector.  The 
rising  voltage  at  the  collector  of  the  transistor  triggers  a 
delay  function.  At  the  end  of  this  delay,  base  drive  is 
removed.  The  delay  time  is  the  variable  on  the  Type  II 
OLSOA  curve.  The  storage  time  of  the  transistor  is  thereby 
factored  into  the  rating. 

There  are  several  additional  aspects  to  be  considered 
regarding  OLSOA.  The  first  consideration  is  that  OLSOA  is 
strictly  a  NON-REPETITIVE  rating.  It  is  intended  to  describe 
the  survivability  of  the  transistor  during  an  accidental  over- 
load and  is  not  intended  to  describe  a  stress  level  which 
can  be  sustained  indefinitely.  The  number  of  nonrepetitive 
faults  for  which  OLSOA  is  defined  for  these  devices  is  100 
occurrences.  Another  factor  is  the  form  of  turn-off  bias. 
For  these  devices,  turn-off  bias  has  relatively  little  effect 
on  its  OLSOA  capability.  This  observation  is  valid  from 
lB2  =  0  (soft)  to  VBE(0ff)  =  5  V  (stiff). 

OLSOA  is  subject  to  the  same  derating  with  temperature 
as  normal  FBSOA.  The  second  breakdown  derating  curve  is 
applied  to  the  allowable  current  at  any  given  voltage,  using 
the  same  procedure  that  is  followed  with  pulsed  FBSOA. 
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OVERLOAD  SAFE  OPERATING  TEST  CIRCUITS 


FIGURE  44  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  I  (OLSOA) 


Notes: 

•  vCE  =  vCc-vBE 

•  Adjust  pulsed  current  source 

(ordes,redlc..p 


FIGURE  45  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  II  (OLSOA) 
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Designer's  Data  Sheet 


50  KVA  SWITCHMODE  TRANSISTOR 
50-Ampere  Operating  Current 

The  MJ10050  Darlington  transistor  is  designed  for  industrial 
service  under  practical  operating  environments  fo 
high  power  inductive  loads  off  460-Vo!t  lines. 


Emitter 


•Emitter-Collector  Diode  is  a  high  power  ( 


50  AMPERE 
NPN  SILICON 
POWER  DARLINGTON 
TRANSISTOR 

650  VOLTS 
500  WATTS 


Designer's  Data  for 
"Worst-Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data — 
representing  device  characteristics 
boundaries — are  given  to  facilitate 
"worst-case"  design. 


MAXIMUM  RATINGS 


Mechanical  Ratings 

Rating 

Value 

Unit 

Mounting  Torque  {To  heat  sink  with  1 0-32  Screw) 
(Note  1 ) 

20 

in -lb 

Lead  Torque  (Lead  to  bus  with  1  /4-20  Screw) 
(Note  2) 

20 

in -lb 



Per  Unit  Weight 

120 

grams 

THERMAL  CHARACTERISTICS 

Thermal  Resistance,  Junction  to  Case.Rgjc 

025 

°C/W 

Mica  Insulators  available  as  separate  items. 
0.003-  thick.  Motorola  Part  Number  1 4ASB1 2387B001 . 
0  006"  thick  Motorola  Part  Number  14ASB12387B002 

Notes: 

t  A  Belleville  washer  of  0.472"  0  0.,  0.205"  I. D  .0  024"  thick  and  1 50  pounds  flat  is 
recommended. 

2.  The  lead  torque  should  be  limited  to  20  in.-lb.  unsupported  to  prevent  rotation  of  the 
terminal  in  the  package  The  torque  may  be  increased  to  50  in. -lb  if  support  is  used  to 
prevent  rotation.  The  maximum  penetration  of  the  screw  should  be  limited  to  0.75". 
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STYLE  t: 
PIN  f.  BASE 
2.  EMITTER 
I      3.  EMITTER 
C      4  COLLECTOR 
J      5.  COLLECTOR 


NOTES: 

1.  DIMENSION  A  AND  B  ARE  DATUMS. 

2.  £E]lS  SEATING  PLANE. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLES: 


1+1*0.36  (Ml^lTlAQlB®! 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MAX 

A 

53.09 

53.84 

2.090 

2  120 

B 

55.37 

56.39 

2.180 

2  220 

C 

26.67 

1.050 

0 

6  10 

6  GO 

0.240 

0.260 

E 

6.60 

7.11 

0.260 

0.280 

F 

0.71 

0.81 

0.028 

0  032 

G 

43  31  BSC 

1.705  BSC 

H 

12.57 

1282 

0.495 

0.505 

J 

1  52 

1.62 

0  060 

0  064 

K 

9.50 

9.75 

0.374 

0  384 

L 

10.21 

10.46 

0.402 

0.412 

in 

18.92 

19.18 

0.745 

0.755 

N 

2367 

23  33 

0.932 

0942 

f 

5.0B 

5.21 

0.200 

0.205 

Q 

3.53 

3.78 

0.139 

0.149 

R 

6.76 

7.26 

-EE 

0  286 

S 

14.73 

15.24 

0.580 

0  600 

V 

5.33 

5.84 

0.210 

0  230 

w 

6  40 

6.65 

0.252 

0.262 

X 

7.37 

7.87 

0  190 

0.310 
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MAXIMUM  RATINGS  (Continued) 


Electrical  Ratings 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEO 

850 

Vdc 

Col  lector -Emitter  Voltage  (RgE  =  10  Ohms) 

VCER 

900 

Vdc 

Collector-Base  Voltage 

VCB 

900 

Vdc 

Emitter-Base  Voltage 



 i 

80 

Vdc 

Collector  Current  —  Operating,  Jq  =  1 25°C 

—  Continuous,  Tc  =  25°C 

—  Peak  Repetitive,  Trj  =  25°C 

—  Peak  Nonrepetitive,  Tc  =  25°C 

'c 

50 
75 
150 
250 

A 

Base  Current  —  Continuous 

—  Peak  Nonrepetitive 

'B 

50 
100 

A 

Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 
For  1 -minute  overload 

PD 

500 
40 
667 

Watts 

W/°C 
Watts 

Operating  Junction  and  Storage  Temperature  Range 
For  1 -minute  overload 

TJ.  Tstg 

-55  to  +150 
-55  to  200 

°C 

ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Mm 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 
<lc  =  250  mAdc,  lB  =  0) 

vCEO(sus) 

850 

Vdc 

Collector  Cutoff  Current 
(VCE  =  900  Vdc.  VBE(0ff)  =1.5  Vdc) 
(VCE  =  900  Vdc,  VBE(off)  =  1 .5  Vdc.  Tc  =  1 50°C) 

ICEV 

20 
10 

mAdc 

Collector  Cutoff  Current 
|VCE  =  900  Vdc,  RBE  =  ion,  TC=  100°C) 

ICER 

10 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  4  0  Vdc,  lC  =  0) 

lEBO 

650 

mAdc 

SAFE  OPERATING  AREA 

Second  Breakdown  Collector  Current  with  Base  Forward-Biased 

FBSOA 

See  Figure  1 3 

Clamped  Inductive  SOA  with  Base  Reverse-Biased 

RBSOA 

See  Figure  14 

Overload  SOA 

OLSOA 

See  Figures  1 6  and  1 7 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 
|lc  =  50  Adc.  VCE  =  5.0  Vdc) 
(lc  =  50  A,  VCE  =  10  V) 

nFE 

35 
40 

Collector-Emitter  Saturation  Voltage 

vCE(sat) 

Vdc 

dC=  50  A,  lg  =  4.0  A) 

(lc  =  75  Adc,  lB  =  15  A) 

(lc  =  50  Adc,  lB  =  4.0  A,  TC  =  100°C) 

20 
5.0 
2.5 

Base-Emitter  Saturation  Voltage 
(lc  =  50  Adc,  lB  =  4.0  Add 
(lc  =  50  Adc,  lB  =  4.0  Adc,  Tc  =  100°C) 

vBE(sat) 

3.0 
3.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
|VCB=  10  Vdc.  lE  =  0.f,est=  10  kHz) 

C0b 

4000 

pF 

(1 )  Pulse  Test.  Pulse  width  of  300  fis.  duty  cycle  ^2.0%. 
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ELECTRICAL  CHARACTERISTICS  (Continued)  (Tc  =  25°C  unless  otherwise  noted| 


Characteristic 

Symbol 

Min 

Typ 

Max 

Uni, 

SWITCHING  CHARACTERISTICS 

Resistive  Load 

Delay  Time 

(VCC  =  300  Vdc,  lc  =  50  A,  IB1 
RBE  =  10  n<  *p  =  50  ms. 
Duty  Cycled  2.0%) 

=  4.0  A. 

id 

0.03 

025 

ms 

Rise  Time 

•r 

1.2 

5.0 

ms 

Storage  Time 

<s 

35 

100 

MS 

Fall  Time 

'f 

8.5 

35 

(iS 

Inductive  Load,  Clamped 

Storage  Time 

(lCM=  50  A. 

VCEM  =  300  V,RBE=10n. 
1B1  -4.0  A) 

Tj  =  100°C 

tsv 

50 

150 

Ms 

Crossover  Time 

lc 

20 

60 

MS 

Storage  Time 

Tj  =  25°C 

•sv 

35 

100 

cs 

Crossover  Time 

tc 

10 

35 

C-E  DIODE  CHARACTERISTICS 


Power  Dissipation  (|g  =  0) 

PD 

250 

W 

Forward  Voltage  (II  dp  =  50  A) 
(lF=  100  A) 

vF 

1.0 

1.5 

V 

1.2 

2.0 

V 

Reverse  Recovery  Time 
(dj/d,=  25  A/fiS.  Ir-  =  50  A) 

<rr 

1  2 

MS 

Forward  Turn-On  Time 

(Compliance  Voltage  =  50  V.  IF  =  50  A) 

ton 

03 

12 

MS 

Single  Cycle  Surge  Current  (60  Hz) 

IFSM 

500 

A 

( 1 )  Pulse  Test.  Pulse  width  ol  300  Ms.  duty  cycle  s£2.0%. 

TYPICAL  ELECTRICAL  CHARACTERISTICS 

FIGURE  1  -  DC  CURRENT  GAIN  FIGURE  2  -  DC  CURRENT  GAIN 


400 


1 00. 


lj  =  l 

00  = 

Tj 

=  ! 

5° 

'CE 

=  5.01 



— 

- 

i 

50  10  20 

lc.  COLLECTOR  CURRENT  |AMPS) 


400 


V 

CE 

1 

a 

J 

ve. 

=  2 

0 

s 

\ 

1 

5° 

s- 

J  - 

li- 

\ 

\ 

1.0         2.0  5.0  10  20  50  IDE 

lc.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  3  -  DC  CURRENT  GAIN 


FIGURE  4  —  COLLECTOR  SATURATION  VOLTAGE 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  Icontinuedl 


FIGURE  S  -  BASE-EMITTER  SATURATION  VOLTAGE 
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FIGURE  6  -  EMITTER-COLLECTOR  DIODE 
FORWARD  VOLTAGE 
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TYPICAL  SWITCHING  CHARACTERISTICS 
FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  9  -  TYPICAL  TURN-ON  SWITCHING  TIMES 
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FIGURE  8  -  TYPICAL  INDUCTIVE  SWITCHING  TIMES 
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FIGURE  10  -  TYPICAL  TURN-OFF  SWITCHING  TIMES 

50  r 


2.0  5.0  10  20  50  100 

lC.  COLLECTOR  CURRENT  (AMPS) 


3-886 


MJ10050 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


DRIVER  SCHEMATIC 

For  inductive  loads  pulse  width 
is  adiusied  Id  obtain  speeded  1c 


TURN  ON  TIME 


T  0003 


0  1  ufJ^       J_5  0„i 
I  I 


•30  V 

desired  Igi 
OQl_J       3.0  005 
I  I 


J  MTM1224 


'81  .ousted  to 

oB'Cd.',T,7'> 


l-coil  -  '0">H  VCC  -  10  \ 

"to.i  -  o  7  n 


Lcoll-  S0,H 
Vcc  =  20  V 


ion 


r 


FE 

TURN-OFF  TIME 
Use  inductive  switching 

circuit  as  trie  input  to 
the  resistive  test  circuit 


VCC  =  300  V 

RL  =  60il 

Pulse  W.dth  =  26us 


RESISTIVE  TEST  CIRCUIT 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORM 


Input 
See  Above  for 
Detailed  Conditions 


vcc 

Lcoil  "CM1 


vcl«mp 

Test  Equipment 
Scope  —  Tektronix 
475  or  Equivalent 


Adjust  -  V  such  t 


i  that  VBE(off|  -  5  V  except  as  required  for 

SWITCHING 

In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Ibi  to  10  %  Vqem 

tru  =  Voltage  Rise  Time,  1 0—90%  VCEM 

tfi  =  Current  Fall  Time.  90— 10%  Icm 

tti  =  Current  Tail,  10—2%  Icm 

tc  =  Crossover  Time,  10%  Vcem  to  10%  Icm 

An  enlarged  portion  of  the  inductive  switching  waveform 

FIGURE  11  —  TYPICAL  PEAK  REVERSE  BASE  CURRENT 
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RBSOA  (Figure  141. 

TIMES  NOTE 

is  shown  in  Figure  7  to  aid  on  the  visual  identity  of 
these  terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A: 

PSWT=1/2VCCIC<tc)T 
In  general,  trv  +  tf  j  =  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user-oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 

FIGURE  12  —  THERMAL  RESPONSE 


— 

60  A 

- 

IBI 

=  4.0 
M=3( 

=  25°C 

I 

vet 

0  V 

-  I) 

MJ10050 


The  Safe  Operating  Area  figures  shown  in  Figures  1 3  and  1 4 
are  specified  for  these  devices  u  nder  the  test  conditions  shown . 

FIGURE  13  -  MAXIMUM  FORWARD-BIAS 
SAFE  OPERATING  AREA  (FBSOA) 
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FIGURE  14  —  MAXIMUM  REVERSE-BIAS 
SAFE  OPERATING  AREA  (RBSOA) 
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FIGURE  15  —  POWER  DERATING 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q — Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  13  is  based  on  Tq  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 3  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 5. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  12. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse-biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse-Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse-biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1 4 
gives  the  RBSOA  characteristics. 

OVERLOAD  SAFE  OPERATING  AREA 

The  forward-bias  safe  operating  area  (FBSOA)  specifica- 
tion given  in  Figure  13  adequately  describes  transistor 
capability  for  normal  repetitive  operation.  When  short  cir- 
cuit or  fault  conditions  occur,  these  transistor  specifications 
are  not  always  adequate.  A  specification  called  overload 
safe  operating  area  (OLSOA)  has  been  developed  to  describe 
the  transistor's  ability  to  survive  under  fault  conditions. 
OLSOA  is  specified  under  two  types  of  conditions. 

TYPE  I  OLSOA 

Type  I  OLSOA  applies  when  maximum  collector  current 
is  limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known.  Figure  1  6  depicts  the  Type  I  OLSOA  rating  for  the 
MJ10050.  Maximum  allowable  collector-emitter  voltage 
versus  collector  current  is  plotted  for  several  pulse  widths. 
(Pulse  width  is  defined  as  the  time  lag  between  the  fault 
condition  and  the  removal  of  base  drive.)  Storage  time  of 
the  transistor  has  been  factored  into  the  curve.  Therefore, 
with  bus  voltage  and  maximum  collector  current  known, 
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FIGURE  16  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOAI 

250 


FIGURE  1 7  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOA) 
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FIGURE  18  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  I 


•  vCe  =  vcc*Vbe 

•  Adjust  pulsed  current  source 

for  desired  lc,  tp 


•  Rep  Rate6  10  Hz 

•  Adjust  R1  for  desired  lB 

•  Pulse  delay  time  at  the 

generator  determines  pulse 


width  at  the  device  under  test 
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FIGURE  19  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  II 
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SAFE  OPERATING  AR 

TYPE  I  OLSOA  (continuedl 

Figure  16  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

Type  I  OLSOA  is  measured  in  a  common-base  circuit 
(Figure  18)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 

TYPE  II  OLSOA 

Type  II  OLSOA  applies  when  maximum  collector  current 
is  not  limited  by  circuit  design,  but  is  limited  only  by  the 
gain  of  the  transistor.  Therefore,  collector  current  does  not 
appear  on  the  Type  II  OLSOA  curve.  This  curve  defines  a 
safe  region  of  operation  from  the  information  that  is  usually 
available  to  the  designer. 

This  information  is  normally  base  drive,  bus  voltage  and 
time.  In  terms  of  the  OLSOA  curve,  bus  voltage  is  assumed 
to  be  worst-case  collector-emitter  voltage,  and  time  is 
defined  to  be  the  same  pulse  width  that  was  described  for 
Type  I  OLSOA.  Using  these  variables,  maximum  collector- 
emitter  voltage  versus  base  drive  is  plotted  for  several 
values  of  pulse  width.  A  safe  region  of  operation  is  thus 
determined  by  the  circuit  parameters  Type  II  OLSOA.  as 


ORMATION  (continuedl 

shown  in  Figure  1  7.  is  measured  in  the  circuit  shown  in 
Figure  19,  and  measurement  is  made  as  follows:  Base 
current  is  applied  while  the  collector  is  open,  allowing  a 
highly  overdriven  saturated  condition.  Next,  a  stiff  voltage 
source  is  applied  to  the  collector  The  rising  voltage  at  the 
collector  of  the  transistor  triggers  a  delay  function.  At  the 
end  of  this  delay,  base  drive  is  removed.  The  delay  time  is 
the  variable  on  the  Type  II  OLSOA  curve.  The  storage  time 
of  the  transistor  is  thereby  factored  into  the  rating. 

There  are  several  additional  aspects  to  be  considered 
regarding  OLSOA.  The  first  consideration  is  that  OLSOA  is 
strictly  a  NONREPETITIVE  rating.  It  is  intended  to  describe 
the  survivability  of  the  transistor  during  an  accidental  over- 
load and  is  not  intended  to  describe  a  stress  level  which 
can  be  sustained  indefinitely.  The  number  of  nonrepetitive 
faults  for  which  OLSOA  is  defined  for  the  MJ10050  is 
100  occurrences.  Another  factor  is  the  form  of  turn-off 
bias.  For  the  MJ10050,  turn-off  bias  has  relatively  little 
effect  on  its  OLSOA  capability.  This  observation  is  valid 
from  lB2  =  0  (soft)  to  VBE(otf|  =  5  V  (stiff). 

OLSOA  is  subject  to  the  same  derating  with  temperature 
as  normal  FBSOA.  The  second  breakdown  derating  curve  is 
applied  to  the  allowable  current  at  any  given  voltage,  using 
the  same  procedure  that  is  followed  with  pulsed  FBSOA. 
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Designer's  Data  Sheet 


50  KVA  HIGH  SPEED  SWITCHMODE  TRANSISTOR 
50-Ampere  Operating  Current 

The  MJ10051  Darlington  transistor  is  designed  for  industrial 
service  under  practical  ope  rating  environments  requiring  fast 
switching  speed  for  highly  efficient  systems  operating  at  high 
frequency  such  as  inverters,  PWM  controllers  and  other  high 
frequency  system  operating  from  460  V  lines 


»25  =  4.0n 

o 

•Emitter-Collector  Diode  is  a  fast  recovery,  high  power  diode. 


MAXIMUM  RATINGS 


MECHANICAL  RATINGS 

Rating 

Value 

Unit 

Mounting  Torque  (To  heat  sink  with  10-32  Screw) 
(Note  1 ) 

20 

in.-lb 

Lead  Torque  (Lead  to  bus  with  1  /4-20  Screw) 

20 

in.-lb 

(Note  2) 

Per  Unit  Weight 

120 

grams 

THERMAL  CHARACTERISTICS 


Thermal  Resistance.  Junction  to  Case.Rgjc 


Mica  Insulators  available  as  separate  items 
0.003-  thick.  Motorola  Pan  Number  B1 23878001 
0.006-  th.ck.  Motorola  Pan  Number  B1 2387B002 


NotM: 

1 .  A  Belleville  washer  of  0.472*  O  D  0.205*  I.D.,  0.024"  thick  and  1  50  pounds  flat  is 
recommended  such  as  P/N  AM125206  available  from  National  Disc  Spring  Div.. 
385  Hillside  Ave..  Hillside  N.J.  07205. 

2.  The  lead  torque  should  be  limited  to  20  in.-lb.  unsupported  to  prevent  rotation  of  the  terminal 
in  the  package.  The  torque  may  be  increased  to  50  in.-lb  if  support  is  used  to  prevent 
rotation.  The  maximum  penetration  of  the  screw  should  be  limited  to  0.75" 


SO  AMPERE 
NPN  SILICON 
POWER  DARLINGTON 
TRANSISTOR 

750  and  860  VOLTS 
500  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designer  's  Data  Sheet  permits  the  design 
of  most  circuits  entirely  from  the  information 
presented  Limit  curves  —  representing  bound- 
aries on  device  characteristics  —  are  given  to 
facilitate  "worst  case"  design. 





STYLE  1: 
PIN  1.  BASE 

2.  EMITTER 

3.  EMITTER 

4.  COLLECTOR 

5.  COLLECTOR 


NOTES: 

1.  DIMENSION  A  AND  8  ARE  OATUMS. 

2.  [T]lS  SEATING  PLANE. 

3.  POSITIONAL  TOLERANCE  FOR 

MOUNTING  HOLES:  

|+1>0.36(0.014)®|t|A(^[8(S)| 

4.  DIMENSIONING  ANO  TOLERANCING 
PER  ANSI  Y14.5,  1973. 


DIM 

MILLIMETERS 
MIN   1  MAX 

INCHES 
'  MIN    |  MA"X~ 

A 

53.09    53  84 

2.090 

2.120 

e 

55.37 

5639 

2.180 

2  220 

c 

26.67 

1.050 

D 

6  10 

6.60 

0.240 

0.260 

E 

E.S0 

7.11 

0.260 

0.280 

f 

0.71 

081 

0.028 

0032 

G 

43.31  BSC 

1.70 

BSC 

H 

12.57 

12.82 

0  495 

0.505 

J 

1.52 

1.62 

0.060 

0.064 

K 

9.50 

9.75 

0.374 

0  364 

L 

10.21 

10.46 

0.402 

0.412 

M 

18.92 

19.18 

0.745 

0755 

23.67 

23.93 

0.932 

0  942 

P 

508 

5.21 

0.200 

0.205 

0 

353 

3.78 

0.139 

0.149 

n 

6.76 

7.26 

0.266 

0  28S 

s 

14.73 

15.24 

0  580 

0.60O 

V 

533 

5.84 

0.210 

0.230 

w 

6.40 

6.E5 

0  25? 

0.262 

X 

7.37 

7.87 

0.290 

0.310 

CASE  34601 
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MAXIMUM  RATINGS  (Continued) 


ELECTRICAL  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage  MJ10051 

MJ10052 

VCEO 

850 
750 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  10  Ohms) 

VCER 

900 

Vdc 

Collector-Base  Voltage 

VCB 

900 

Vdc 

Emitter-Base  Voltage 

VEB 

8.0 

Vdc 

Collector  Current  —  Operating.  Tq  =  1 25°C 

—  Continuous,  Tc  =  25°C 

—  Peak  Repetitive.  Tc  =  25°C 

—  Peak  Nonrepetitive,  Tc  =  25°C 

ic 

50 
75 
150 
250 

A 

Base  Current  —  Continuous 

—  Peak  Nonrepetitive 

IB 

50 
100 

A 

Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 
For  1 -minute  overload 

PD 

500 
4.0 
667 

Watts 

w/°c 

Watts 

Operating  Junction  and  Storage  Temperature  Range 
For  1 -minute  overload 

Tj.  Tstg 

-55  to +150 
-55  to  +200 

•c 

ELECTRICAL  CHARACTERISTICS  (Tc  =  25-C  unless  otherwise  noted)  

Characteristic  |   Symbol    |      Min  Typ  Max  ~]  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1)  MJ10O51 
(lC  =  250  mAdc.  IB  =  0)  MJ10052 

vCE0(sus) 

850 
750 

Vdc 

Collector  Cutoff  Current 
(VCE  =  900  Vdc,  VBE(of(|  =15  Vdc) 
(VCE  =  900  Vdc,  VBE(of(|  =  1 .5  Vdc.  Tc  =  1 50°C) 

!CEV 

2.0 
10 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  4.0  Vdc.  IC  =  0) 

'EBO 

950 

mAdc 

SAFE  OPERATING  AREA 

Second  Breakdown  Collector  Current  with  Base  Forward-Biased 

FBSOA 

Clamped  Inductive  SOA  with  Base  Reverse-Biased 

RBSOA 



Overload  SOA 

OLSOA 



ON  CHARACTERISTICS  (1) 

DC  Current  Gain 
(lC  =  50  Adc,  VCE  =  5.0  Vdc) 
(lC=50A.VCE=  10  V) 

nFE 

25 
40 

Collector-Emitter  Saturation  Voltage 
(lc  =  50  Adc.  IB  =  5.0  A) 

vCE(sat| 

20 

Vdc 

(lC  =  75  Adc,  lB  =  1 5  A) 

(lc  =  50  Adc.  IB  =  5.0  A.  Tc  =  100°C) 

50 

2.5 

Base-Emitter  Saturation  Voltage 
dC  =  50  Adc.  IB  =  5.0  Adc) 
(lc  =  50  Adc.  IB  =  5.0  Adc.  Tc  =  100°C) 

vBE(sat) 

30 
3.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc,  lE  =  0.  ftest  =  ,  o  kHz) 

cob 

4000 

pF 

(1 )  Pulse  Test-  Pulse  width  of  300  fis,  dutv  cycle  *S2.0%. 
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ELECTRICAL  CHARACTERISTICS  (Continued)  (Tc  =  25°C  unless  otherwise  noted! 

|     Symbol     |  Min 


Characteristic 


Typ 




Resistive  Load 

Delay  Time 

<VCC  *  3°0  vdc.  !C  "  50  A.  lB1  =  5  0  A. 

<d 

0.03 

025 

IIS 

Rise  Time 

'r 

1.2 

5  0 

MS 

vBE(off)  =  =  0  V.  tp  =  50  Ms. 
Duty  Cycle  S  2.0%| 

Storage  Time 

's 

3  3 

10 

lis 

Fall  Time 

<f 

1.5 

5.0 

MS 

Inductive  Load,  Clamped 

Storage  Time 

(lCM  =  50A. 

VCEM  =  300V.  VBE|olf)=50  V. 
■81  =  5  0  A) 

Tj=  100°C 

lSV 

5  0 

15 

MS 

Crossover  Time 

>C 

3.0 

10 

us 

Storage  Time 

Tj  =  25°C 

tsv 

3  5 

10 

MS 

Crossover  Time 

tc 

1.5 

5.0 

MS 

C-E  DIODE  CHARACTERISTICS 


Power  Dissipation  (lB  =  0) 

pd 

250 

W 

Forward  Voltage  (1 )  dp  =  50  A) 

vf 

2  7 

5.0 

V 

Reverse  Recovery  Time* 

(di/dt  =  50  A/ms,  lF  =  50  A.  VBE|off)  =  5.0  V| 

trr 

0.2 

1.0 

MS 

Forward  Turn-On  Time 
(Compliance  Voltage  =  50  V.  Ip  =  50  A) 

Ion 

0.1 

1.0 

MS 

Single  Cycle  Surge  Current  (60  Hz) 

 a  a  

'FSM 

500 

A 

Reverse  Recovery  Current 
(Ip  =  50  A,  di/dt  =  50  A/ms] 

'RIvKREC) 

70 

25 

A 

(1 )  Pulse  Tesl.  Pulse  width     300  us,  duty  cycle  *£2.0%. 

•  Requires  negative  base-emitter  voltage  for  fast  recovery  performance. 


TYPICAL  ELECTRICAL  CHARACTERISTICS 

DC  CURRENT  GAIN  FIGURE  2  -  DC  CURRENT  GAIN 
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FIGURE  3  —  DC  CURRENT  GAIN 
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FIGURE  4  -  COLLECTOR  SATURATION  VOLTAGE 
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FIGURE  5 


TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 


GURE  5  -  BASE-EMITTER  SATURATION  VOLTAGE 


FIGURE  6  -  EMITTER-COLLECTOR  DIODE 
FORWARD  VOLTAGE 


lc.  COLLECTOR  CURRENT  |AMPS> 


lF.  FORWARD  CURRENT  (AMPS) 


TYPICAL  SWITCHING  CHARACTERISTICS 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  9  -  TYPICAL  TURN-ON  SWITCHING  TIMES 
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FIGURE  8  -  INDUCTIVE  SWITCHING  TIMES 
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VBE(off)-  BASE-EMITTER  VOLTAGE  (VOLTS) 
FIGURE  10  -  TURN-OFF  SWITCHING  TIMES 
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TABLE  1  -  RBSOA  AND  INDUCTIVE  SWITCHING  DRIVER  SCHEMATIC 


vCEO(»u.) 


RBSOA  ANO  INDUCTIVE  SWITCHING 


3  — 1  *— 

• — V 


PW  Varied  io  Attain 
lr  =  250  mA 


Q.QOBjll 


*±,o  f  '° 

-38VL-T  I 

50  J     i:0  05,F 
-L  20,F 


Rco,l  =  0  7  il 
vclamp  =  vCE0lsus) 


i" 


TURN  ON  TIME 


0  P2 
81 1  I 


•  2 


lBl  a 
obtain  the  forced 

nFE  desired 
TURN  Off  TIME 
Use  inductive  switching 
Circuit  as  the  input  to 
e  tesi  circuit 


Vcc  =  300  V 

Rj_  -  6  0  II 

Pulse  Width  i  25  «s 


INDUCTIVE  TEST  CIRCUIT 


HES1STIVE  TEST  CIRCUIT 


See  Above  for 
Derailed  Conditions 


1 1  Adjusted  lo 
Obtain  lr 


o  — i  vce« 

2        -i«ssi  1  '  1— 

0  1  n  Tim.  (_,, 


If  Clamped 

Lewi  "CM' 

ir- 

—  t 

Lcoil"CM* 
"clamp 

vclamp 

.   i  .  , 

Test  Equipment 
Scope  —  Tektronn 

•Adjuit  -  V  luch  that  VBE(off|  -  5  V  except  as  required  (or  RBSOA  (Figure  HI, 

SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  motor  controls,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time.  90%  lR1  to  1 0  %  VcEM 

trv  =  Voltage  Rise  Time,  10—90%  Vcem 

tf|  =  Current  Fall  Time,  90— 10%  Icm 

tti  =  Current  Tail,  10—2%  1cm 

tc  =  Crossover  Time,  1 0%  Vcem  to  1 0%  Icm 

An  enlarged  portion  of  the  inductive  switching  waveform 


is  shown  in  Figure  7  to  aid  on  the  visual  identity  of 
these  terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A: 

PSWT=  1/2  VCClc(tc)' 
In  general,  trv  +  tfi  =  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user-oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


FIGURE  11  -  PEAK  REVERSE  BASE  CURRENT  FIGURE  12  -  REVERSE  RECOVERY  WAVEFORM 


3-895 


The  Safe  Operating  Area  figures  shown  in  Figures  1 3  and  1 4 
are  specified  for  these  devices  under  the  test  conditions  shown. 

FIGURE  13  —  MAXIMUM  FORWARD-BIAS 
SAFE  OPERATING  AREA  (FBSOA) 
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FIGURE  14  -  MAXIMUM  REVERSE-BIAS 
SAFE  OPERATING  AREA  IRBSOA) 
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FIGURE  1B  -  POWER  DERATING 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q — Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  13  is  based  on  Tc  =  25°C;  Tj(p|<) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  1 0%  but  must  be 
derated  when  Tr  S  25°C  .  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 3  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  15. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  20. 
At  high  case  temperatures,  thermal  I  imitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse-biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse-Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse-biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  14 
gives  the  RBSOA  characteristics. 


OVERLOAD  SAFE  OPERATING  AREA 

The  forward-bias  safe  operating  area  (FBSOA)  specifica- 
tion given  in  Figure  13  adequately  describes  transistor 
capabilityfor  normal  repetitive  operation.  When  short  cir- 
cuit or  fault  conditions  occur,  these  transistor  specifications 
are  not  always  adequate.  A  specification  called  overload 
safe  operating  area  (OLSOA)  has  been  developed  to  describe 
the  transistor's  ability  to  survive  under  fault  conditions. 
OLSOA  is  specified  under  two  types  of  conditions. 

TYPE  I  OLSOA 

Type  I  OLSOA  applies  when  maximum  collector  current 
is  limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known  Figure  1 6  depicts  the  Type  I  OLSOA  rating  for  the 
devices.  Maximum  allowable  collector-emitter  voltage 
versus  collector  current  is  plotted  for  several  pulse  widths. 
(Pulse  width  is  defined  as  the  time  lag  between  the  fault 

(continued  on  back  page) 
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OVERLOAD  CHARACTERISTICS 


FIGURE  1 6  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOA) 


FIGURE  17  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOA) 
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FIGURE  18  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  I 


Notes: 

•  Vce  =  vCc  +  vbe 
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SAFE  OPERATING  AREA  INFORMATION  (con,,nued. 


TYPE  I  OLSOA  (cont.nuedl 

condition  and  the  removal  of  base  drive.)  Storage  time  of 
the  transistor  has  been  factored  into  the  curve  Therefore, 
with  bus  voltage  and  maximum  collector  current  known. 
Figure  16  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

Type  I  OLSOA  is  measured  in  a  common-base  circuit 
(Figure  18)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 

TYPE  II  OLSOA 

Type  II  OLSOA  applies  when  maximum  collector  current 
is  not  limited  by  circuit  design,  but  is  limited  only  by  the 
gain  of  the  transistor.  Therefore,  collector  current  does  not 
appear  on  the  Type  II  OLSOA  curve.  This  curve  defines  a 
safe  region  of  operation  from  the  information  that  is  usually 
available  to  the  designer. 

This  information  is  normally  base  drive,  bus  voltage  and 
time.  In  terms  of  the  OLSOA  curve,  bus  voltage  is  assumed 
to  be  worst-case  collector-emitter  voltage,  and  time  is 
defined  to  be  the  same  pulse  width  that  was  described  for 
Type  I  OLSOA.  Using  these  variables,  maximum  collector- 
emitter  voltage  versus  base  drive  is  plotted  for  several 
values  of  pulse  width.  A  safe  region  of  operation  is  thus 


determined  by  the  circuit  parameters.  Type  II  OLSOA,  as 
shown  in  Figure  17,  is  measured  in  the  circuit  shown  in 
Figure  1  9,  and  measurement  is  made  as  follows:  Base 
current  is  applied  while  the  collector  is  open,  allowing  a 
highly  overdriven  saturated  condition.  Next,  a  stiff  voltage 
source  is  applied  to  the  collector.  The  rising  voltage  at  the 
collector  of  the  transistor  triggers  a  delay  function.  At  the 
end  of  this  delay,  base  drive  is  removed.  The  delay  time  is 
the  variable  on  the  Type  II  OLSOA  curve.  The  storage  time 
of  the  transistor  is  thereby  factored  into  the  rating. 

There  are  several  additional  aspects  to  be  considered 
regarding  OLSOA.  The  first  consideration  is  that  OLSOA  is 
strictly  a  NONFtEPETITIVE  rating.  It  is  intended  to  describe 
the  survivability  of  the  transistor  during  an  accidental  over- 
load and  is  not  intended  to  describe  a  stress  level  which 
can  be  sustained  indefinitely.  The  number  of  nonrepetitive 
faults  for  which  OLSOA  is  defined  for  the  devices  are  1 00 
occurrences.  Another  factor  is  the  form  of  turn-off  bias. 
For  the  devices,  turn-off  bias  has  relatively  little  effect  on 
its  OLSOA  capability.  This  observation  is  valid  from  lB2  =  0 
(soft)  to  VBE(off)  =  5  V  (stiff). 

OLSOA  is  subject  to  the  same  derating  with  temperature 
as  normal  FBSOA.  The  second  breakdown  derating  curve  is 
applied  to  the  allowable  current  at  any  given  voltage,  using 
the  same  procedure  that  is  followed  with  pulsed  FBSOA. 

■ 


3-898 


MOTOROLA 


MJ10100 


Designer's  Data  Sheet 


50  KVA  SWITCHMODE  TRANSISTOR 
100- Ampere  Operating  Current 

The  MJ10100  Darlington  transistor  is  designed  for  industrial 
service  under  practical  operating  environments  found  in  switching 
high  power  inductive  loads  off  230-Volt  lines. 


•Emitter-Collector  Diode  is  a  high  power  diode. 




100  AMPERE 
NPN  SILICON 
POWER  DARLINGTON 
TRANSISTOR 


450  VOLTS 
500  WATTS 





Designer's  Data  for 
"Worst-Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented-  Limit  data — 
representing  device  characteristics 
boundaries — are  given  to  facilitate 
"worst-case"  design. 


MAXIMUM  RATINGS 


Mechanical  Ratings 

Rating 

Value 

Unit 

Mounting  Torque  (To  heat  sink  wtth  10-32  Screw} 
{Note  1 ) 

20 

in.-lb 

Lead  Torque  (Lead  to  bus  with  1  /4-20  Screw) 
(Note  2) 

20 

in. -lb 

Per  Unit  Weight 

120 

grams 

THERMAL  CHARACTERISTICS 


Thermal  Resistance.  Junction  to  Case.Ftgjc 


Mica  Insulators  available  as  separate  items. 
0.003"  thick.  Motorola  Part  Number  14ASB12387B001 
0.006-  thick  Motorola  Part  Number  1 4ASB1 2387B002. 


flat  is 


Notes: 

1 .  A  Belleville  washer  of  0.472"  O.D..  0.205"  I  D..  0.024"  thick  and  1  5 
recommended. 

2.  The  lead  torque  should  be  limited  to  20  in  -lb.  unsupported  to  prevent  rotation  of  the 
terminal  in  the  package.  The  torque  may  be  increased  to  50  in  -tb  if  support  is  used  to 
prevent  rotation.  The  maximum  penetration  of  the  screw  should  be  limited  toO  75" 





2  EMITTER 

3  EMITTER 

4  COLLECTOR 

5  COLLECTOR 


NOTES: 

1.  DIMENSION  A  AND  B  ARE  OATUMS. 

2.  EDlS  SEATING  PLANE. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLES: 

|+|>  0.36  (0.0141®  |  T|Afi)|  BQ| 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

63.09 

53.84 

2.090 

2.120 

B 

55.37 

56.39 

2.180 

2.220 

C 

26.67 

1.050 

0 

6.10 

6.60 

0.240 

0.260 

E 

6.60 

7.11 

0.260 

0  280 

F 

0.71 

0.81 

0.028 

0  032 

G 

43.31  BSC 

1.705  BSC 

H 

12.57 

12.82 

0.495  |  0.505 

J 

1.62 

1.62 

0  060 

0.064 

K 

3.50 

9.75 

0.374 

0.384 

L 

10.21 

10.46 

0.402 

0.412 

M 

18.92 

19.18 

0.745 

0.755 

23.67 

2393 

0.932 

0.942 

P 

5.08 

5.21 

0.200 

0.205 

0 

3.53 

3.78 

0.139 

0.149 

R 

6.76 

7.26 

0.266 

u.286 

S 

14.73 

15.24 

0.580 

0.600 

V 

5.33 

5.84 

0210 

0.230 

W 

6.40 

6  65 

0.252 

0.262 

* 

7.37 

7.87 

0  290 

0  310 
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MAXIMUM  RATINGS  (Continued) 


Electrical  Ratings 

Rating 

Symbol 

Unit 

 :  ' 

Collector-Emitter  Volt3Q6 

450 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  10  Ohmsl 

VCER 

500 

Vdc 

Collector-Base  Voltage 

VCB 

500 

Vdc 

Emitter-Base  Voltage 

VEB 

8.0 

Vdc 

Collector  Current  —  Operating.  Tc  =  87.5°C 

—  Continuous,  Tc  =  25°C 

—  Peak  Repetitive.  Tc  =  25°C 

—  Peak  Nonrepetitive,  Tc  =  25°C 

ic 

100 
150 
300 
500 

A 

Base  Current  —  Continuous 

—  Peak  Nonrepetitive 

'B 

50 
100 

A 

Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 
For  1  -minute  overload 

PD 

500 
4.0 
667 

Watts 
W/°C 
Watts 

Operating  Junction  and  Storage  Temperature  Range 
For  1 -minute  overload 

TJ.  Tstg 

-55  to  *150 
-55  to  +200 

•c 

- 

ELECTRICAL  CHARACTERISTICS  |TC=  25°C  unless  otherwise  noted! 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1 } 
dC  =  250  mAdc,  lB  ■  0) 

VCEO(sus) 

450 

Vdc 

Collector  Cutoff  Current 

ICEV 

mAdc 

(VCE  =  500  Vdc.  VBE(off|  =15  Vdc| 

(VCE  =  500  Vdc,  VBE(off|  =  1  5  Vdc,  TC  =  1 50°C) 

2.0 
10 

Collector  Cutoff  Current 

!CER 

10 

mAdc 

(VCE  =  500  Vdc,  RBE=  ion.  TC=  100°C) 

Emitter  Cutoff  Current 

'EBO 

mAdc 

|VEB  =  4.0  Vdc,  lC  =  01 

SAFE  OPERATING  AREA 

Second  Breakdown  Collector  Current  with  Base  Forward-Biased 

FBSOA 

See  Figure  1 3 

Clamped  Inductive  SOA  with  Base  Reverse-Biased 

RBSOA 

See  Figure  14 

Overload  SOA 

OLSOA 

See  Figures  1 6  and  1 7 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

nFE 

(lc  =  1 00  Adc,  VCE  =  5.0  Vdc) 

50 

(lc=  100  A,  VCE=  10V) 

60 

Collector-Emitter  Saturation  Voltage 
(lc=  100  Adc,  lB=  3.3  A) 
lC=  ISO  Adc,  lB  =  12  A) 
(lc=  100  Adc,  lB=  3.3  A.  TC=  100°C) 

vCE(sat) 

Vdc 

20 
3.3 
25 

Base-Emitter  Saturation  Voltage 
(lC=  100  Adc,  lB  =  3.3  Adc) 
(lc=  100  Adc,  lB=  3.3  Adc.  Tc=  100°C) 

vBE(sat) 

— 

1   .. 

3.0 
30 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc,  lE  =  0.  ftest  =  1 .0  kHz) 

Cob 

4000 

pF 

(1 )  Pulse  Test.  Pulse  width  of  300  „s.  duty  cycle  S2.0%. 
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ELECTRICAL  CHARACTERISTICS  (Continued)  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

SWITCHING  CHARACTERISTICS 

Resistive  Load 

Delay  Time 

(VCc  =  250Vdc,  lc  =  100  A,  lBi  =3.3  A. 
B„-  -  mr»  i  -c/i..t 

<d 

003 

0  25 

es 

Rise  Time 

V 

09 

3.0 

es 

Storage  Time 

Duty  Cycle  st  2.0%) 

Is 

10 

25 

Fall  Time 

tf 

30 

10 

(is 

Inductive  Load,  Clamped 

Storage  Time 

HCM=  100A. 

VCEM  =  250V.  RBE=10n. 
>B1  =3.3  A) 

Tj=  100°C 

'sv 

15 

50 

(IS 

Crossover  Time 

<c 

4.0 

15 

Ms 

Storage  Time 

Tj  =  25°C 

tSV 

10 

25 

MS 

Crossover  Time 

1c 

2.7 

10 

cs 

C-E  DIODE  CHARACTERISTICS 


Power  Dissipation  (lg  =  0) 

250 

W 

Forward  Voltage  (1)(If  =  100  A) 

Vf 

1.1 

1.5 

V 

{lF  =  200  A) 

1.4 

2.0 

V 

Reverse  Recovery  Time 
(dj/d,=  25  A/Ms.  IF=100A> 

•rr 

3.3 

10 

(IS 

Forward  Turn-On  Time 
(Compliance  Voltage  =  250  V,  lp  =  1 00  A) 

lon 

0.3 

1.0 

(iS 



Single  Cycle  Surge  Current  (60  Hz) 

IFSM 

500 

A 

(1 1  Pulse  Test  Pulse  width  ot  300  us.  duty  cycle  «.0%. 


TYPICAL  ELECTRICAL  CHARACTERISTICS 
FIGURE  1  —  DC  CURRENT  GAIN  FIGURE  2  —  DC  CURRENT  GAIN 


2.0  5.0  10  20  50         100  200 

lC,  COLLECTOR  CURRENT  (AMPS) 


2.0  5  0  10  20  50  100 

lC.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  3  -  DC  CURRENT  GAIN 


FIGURE  4  -  COLLECTOR  SATURATION  REGION 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 


FIGURE  5  -  BASE-EMITTER  SATURATION  VOLTAGE 


FIGURE  6  -  EMITTER-COLLECTOR  DIODE 
FORWARD  VOLTAGE 
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TYPICAL  SWITCHING  CHARACTERISTICS 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  INDUCTIVE  SWITCHING  TIMES 


0  1      0.2        0.5     1.0      20        5.0     10      20        50  100 
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FIGURE  10  -  TURN-OFF  SWITCHING  TIMES 


5  0         10  20  50 

IC.  COLLECTOR  CURRENT  (AMPS) 


5.0  10         20  50 

lc.  COLLECTOR  CURRENT  (AMPSI 


3-902 


MJ10100 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 





z  5 


DRIVER  SCHEMATIC 


For  inductive  loads  pulse  width 
>s  adjusted  to  obtain  specified  lc 


l5  0„(=|2S 


I  I 


1 — F^o^     I  son'  J  ^ 

0003  i  1 


"ooTj       ~]_0  005 

i  i 


Bco.i  ■  o  7  n 

VcHmp  "  vCEO(.ut) 


!-,.„„  =  5  0*H 
VCC  ■  2°  V 


I' 


TURN  ON  TimE 

'SI  adjusiedio 
obtain  the  forced 
hpg  desired 


TURN  OFF  TIME 
Use  inductive  switching 

circuit  as  ihe  input  to 
the  resistive  test  circuit 


f>ulM  Width  -  25  Ht 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


1,  Adjuttad  to 
Obtain  lc 


See  Above  foi 
Detailed  Cone 


4-  o«s-T 


>Rs"  6 


VCEM 


k'J-l 


.  Tes!  Equipmeni 

>  Scoo.  -  tftm* 

475  or  E0u,vslenl 




•Adjust  -  V  such  that  VBE(off)  -  5  V  except  as  required  for 

SWITCHING 

In  resistive  switching  circuits,  rise.  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  motor  controls,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv=  Voltage  Storage  Time,  90%  lR1  to  10  %  VcEM 

trv  =  Voltage  Rise  Time,  10—90%  VCEM 

tfj  =  Current  Fall  Time,  90— 10%  Icm 

ttj  =  Current  Tail,  10-2%  lCM 

tc  =  Crossover  Time,  10%  Vcem  to  10%  Icm 

An  enlarged  portion  of  the  inductive  switching  waveform 
FIGURE  1 1  -  PEAK  REVERSE  BASE  CURRENT 


RBSOA  (Figure  14). 
TIMES  NOTE 


1 1  iden 


tity  of 


is  shown  in  Figure  7  to  aid  on  the  visual 
these  terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A: 

PSWT=  1/2VCClcttc)f 
In  general,  trv  +  tfj  =  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user-oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 

FIGURE  12  —  THERMAL  RESPONSE 
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ie  Safe  Oparating  Area  figures  shown  in  Figures  1 3  and  1 4 
9  specified  for  these  devices  under  the  test  conditions  shown. 


FIGURE  13-  MAXIMUM  RATED  FORWARD  BIAS. 
SAFE  OPERATING  AREA  (FBSOA) 


SAFE  OPERATING  AREA  INFORMATION 
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FIGURE  14  -  MAXIMUM  RATED  REVERSE-BIAS 
SAFE  OPERATING  AREA  (RBSOAI 
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FIGURE  15  -  POWER  DERATING 
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FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Iq— Vqe 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  13  is  based  on  Tc  -  25°C;  Tj(pK) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  1 0%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 3  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1  5 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  12. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse-Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse-biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  toan  avalanche  mode.  Figure  14 
gives  the  RBSOA  characteristics. 

OVERLOAD  SAFE  OPERATING  AREA 

The  forward-bias  safe  operating  area  (FBSOA)  specifica- 
tion given  in  Figure  13  adequately  describes  transistor 
capability  for  normal  repetitive  operation.  When  short  cir- 
cuit or  fault  conditions  occur,  these  transistor  specifications 
are  not  always  adequate.  A  specification  called  overload 
safe  operating  area  (OLSOA)  has  been  developed  to  describe 
the  transistor's  ability  to  survive  under  fault  conditions. 
OLSOA  is  specified  under  two  types  of  conditions. 

TYPE  I  OLSOA 

Type  I  OLSOA  applies  when  maximum  collector  current 
is  limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known.  Figure  1 6  depicts  the  Type  I  OLSOA  rating  for  the 
MJ1 01 00.  Maximum  allowable  collector-emitter  voltage 
versus  collector  current  is  plotted  for  several  pulse  widths. 
{Pulse  width  is  defined  as  the  time  lag  between  the  fault 
condition  and  the  removal  of  base  drive.)  Storage  time  of 
the  transistor  has  been  factored  into  the  curve.  Therefore, 
with  bus  voltage  and  maximum  collector  current  known, 

(continued  on  back  page) 
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FIGURE  16  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOA) 
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FIGURE  1  8  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  I 


FIGURE  17  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOA) 
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Notes: 

•  VCE  =  Vcc  +  Vbe 

•  Adjust  pulsed  current  source 

for  desired  Irj,  tp 


•  Rep  Rate*  10  Hz 

•  Adjust  R1  for  desired  \q 

•  Pulse  delay  time  at  the 

generator  determines  pulse 
width  at  the  device  under  test 


FIGURE  1 9  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  II 
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SAFE  OPERATING  > 


TYPE  I  OLSOA  (continued) 

Figure  16  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

Type  I  OLSOA  is  measured  in  a  common-base  circuit 
(Figure  18)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 

TYPE  II  OLSOA 

Type  II  OLSOA  applies  when  maximum  collector  current 
is  not  limited  by  circuit  design,  but  is  limited  only  by  the 
gain  of  the  transistor.  Therefore,  collector  current  does  not 
appear  on  the  Type  II  OLSOA  curve.  This  curve  defines  a 
safe  region  of  operation  from  the  information  that  is  usually 
available  to  the  designer. 

This  information  is  normally  base  drive,  bus  voltage  and 
time.  In  terms  of  the  OLSOA  curve,  bus  voltage  is  assumed 
to  be  worst-case  collector-emitter  voltage,  and  time  is 
defined  to  be  the  same  pulse  width  that  was  described  for 
Type  I  OLSOA  Using  these  variables,  maximum  collector- 
emitter  voltage  versus  base  drive  is  plotted  for  several 
values  of  pulse  width.  A  safe  region  of  operation  is  thus 
determined  by  the  circuit  parameters.  Type  II  OLSOA.  as 


shown  in  Figure  17,  is  measured  in  the  circuit  shown  in 
Figure  19,  and  measurement  is  made  as  follows:  Base 
current  is  applied  while  the  collector  is  open,  allowing  a 
highly  overdriven  saturated  condition.  Next,  a  stiff  voltage 
source  is  applied  to  the  collector.  The  rising  voltage  at  the 
collector  of  the  transistor  triggers  a  delay  function.  At  the 
end  of  this  delay,  base  drive  is  removed.  The  delay  time  is 
the  variable  on  the  Type  II  OLSOA  curve.  The  storage  time 
of  the  transistor  is  thereby  factored  into  the  rating. 

There  are  several  additional  aspects  to  be  considered 
regarding  OLSOA.  The  first  consideration  is  that  OLSOA  is 
strictly  a  NONREPETITIVE  rating.  It  is  intended  to  describe 
the  survivability  of  the  transistor  during  an  accidental  over- 
load and  is  not  intended  to  describe  a  stress  level  which 
can  be  sustained  indefinitely.  The  number  of  nonrepetitive 
faults  for  which  OLSOA  is  defined  for  the  MJ101O0  is 
100  occurrences.  Another  factor  is  the  form  of  turn-off 
bias  For  the  MJ10100,  turn-off  bias  has  relatively  little 
effect  on  its  OLSOA  capability.  This  observation  is  valid 
from  lB2  =  0  (soft)  to  VBE(ofr,  =  5  V  (stiff) 

OLSOA  is  subject  to  the  same  derating  with  temperature 
as  normal  FBSOA.  The  second  breakdown  derating  curve  is 
applied  to  the  allowable  current  at  any  given  voltage,  using 
the  same  procedure  that  is  followed  with  pulsed  FBSOA 
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Designer's  Data  Sheet 


50  KVA  HIGH  SPEED  SWITCHMODE  TRANSISTOR 
1 00- Ampere  Operating  Current 

The  MJ10101  Darlington  transistor  is  designed  for  industrial 
service  under  practical  ope  rating  environments  requiring  fast 
switching  speed  for  highly  efficient  systems  operating  at  high 
frequency  such  as  inverters.  PWM  controllers  and  other  high 
frequency  systems  operating  from  230  V  lines. 


•Emitter-Collector  Diode  is  a  fast  recovery,  high  power  diode. 


100  AMPERE 
NPN  SILICON 
POWER  DARLINGTON 
TRANSISTOR 


)  VOLTS 
500  WATTS 


Designer's  Data  for 
"Worst-Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data— 
representing  device  characteristics 
boundaries— are  given  to  facilitate 
"worst-case''  design. 





MAXIMUM  RATINGS 


Mechanical  Ratings 

Rating 

Value 

Unit 

Mounting  Torque  (To  heat  sink  with  10-32  Screw) 
(Note  1) 

20 

in  lb 

Lead  Torque  (Lead  to  bus  with  1  /4-20  Screw) 
(Note  2) 

20 

in  -lb 

Per  Unit  Weight 

120 

grams 

THERMAL  CHARACTERISTICS 


Thermal  Resistance,  Junction  to  Case.Rpjc 


025 


°C/W 


Mica  Insulators  available  as  separate  items. 
0.003-  thick.  Motorola  Pan  Number  B1 2387B001 . 
0.006-  thick.  Motorola  Pan  Number  61 2387B002. 


1 .  A  Belleville  washer  of  0.472-  O.D..  0.205"  I  D.  0.024"  thick  and  1  50  pounds  flat  is 
recommended  such  as  P/N  AM125206  available  from  National  Disc  Spring  Div., 

385  Hillside  Ave..  Hillside  N.J.  07205. 

2.  The  lead  torque  should  be  limited  to  20  in. -lb.  unsupported  to  prevent  rotation  of  the  terminal 
in  the  package.  The  torque  may  be  increased  to  50  in  -lb  if  suppon  is  used  to  prevent 

rotation.  The  maximum  penetration  of  the  screw  should  be  limited  to  0.75" 


STYLE  1: 
PIN  1.  BASE 

2.  EMITTER 

3.  EMITTER 

4.  COLLECTOR 

NOTES:  *  C0LLECT°R 

1.  DIMENSION  A  AND  8  ARE  OATUMS. 

2.  HZllS  SEATING  PLANE. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLES: 
1+|>0.36(0.0141@|t|a®[b®1 

4.  DIMENSIONING  AND  TOLERANCING 
PER  ANSI  Y14.S,  1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

53.09 

53.84 

2.090 

2.120 

I 

55.37 

56.39 

2.180 

2.220 

C 

26.67 

1.050 

D 

6.10 

6.60 

0.240 

0.260 

E 

6.60 

7.11 

0.260 

0.280 

F 

0.71 

0.81 

0.028 

0.032 

G 

43.31  BSC 

1.70 

BSC 

H 

12.57 

12.82 

0.495 

0.505 

J 

1.52 

1.62 

0.060 

0.064 

K 

9.50 

9.75 

0.374 

0.384 

L 

10.21 

10.46 

0402 

0412 

M 

18.92 

19.18 

0.745 

0.755 

N 

23.67 

23  93 

0.932 

0.942 

P 

5.08 

521 

Q  |    3.S3  1    3.78  1  0.139  1  0.149 

R 

6.76 

S 

14.73 

15.24 

0.580 

0.600 

y 

5.33 

5.84 

0.210 

0.230 

w 

6.40 

6.65 

0.252 

0.262 

X 

7.37 

7.87 

0.290 

0.310 

CASE  34601 
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MAXIMUM  RATINGS  (Continued) 


Electrical  Ratings 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage  MJ10101 

MJ10102 

VCEO 

450 

350 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  10  Ohms) 

VCER 

500 

Vdc 



Collector-Base  Voltage 

VCB 

500 

Vdc 



Emitter-Base  Voltage 

VEB 

80 

Vdc 

Collector  Current  —  Operating.  Tr  =  87.5°C 

—  Continuous,  Tr  =  25°C 

—  Peak  Repetitive,  Tc  =  25°C 

—  Peak  Nonrepetitive,  Tc  =  25°C 

ic 

100 
150 
300 
500 

A 

Base  Current  —  Continuous 

—  Peak  Nonrepetitive 

kj 

50 
100 

A 

Total  Device  Dissipation  @  Tr.  =  25°C 
Derate  above  25°C 
For  1  -minute  overload 

PD 

500 
4.0 
667 

Watts 
W/°C 
Watts 

Operating  Junction  and  Storage  Temperature  Range 
For  1  -minute  overload 

TJ.  Tstg 

-55  to  +150 
-55  to  +200 

op 

ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 

Characteristic 

Symbol 

I  

Mm 

i  

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  {1 ) 
dC=  250  mAdc,  Ib  =  0) 

MJ10101 
MJ10102 

vCECHsus) 

450 
350 

Vdc 

Collector  Cutoff  Current 
(VCE  =  500  Vdc,  VBE(off)  =  1 .5  Vdc) 
(VCE  =  500  Vdc,  VBE(off,  =  1  5  Vdc,  Tc  =  1  50°C) 

!CEV 

2.0 
10 

mAdc 

Emitter  Cutoff  Current 
|VEB  =  4.0  Vdc,  lc  =  0) 

lEBO 

5.0 

mAdc 

SAFE  OPERATING  AREA 

FBSOA 

Second  Breakdown  Collector  Current  with  Base  Forward-Biased 

See  Figure  1 3 

Clamped  Inductive  SOA  with  Base  Reverse-Bias 

!d 

RBSOA 

See  Figure  14 

Overload  SOA 

OLSOA 

See  Figures  1 6  and  17 

ON  CHARACTERISTICS  (1 1 

DC  Current  Gain 
(Ir.  -  100  Adc,  Vc6=  5.0  Vdc) 
0C=  100  A,  VCE  =  10  V) 

nFE 

50 
60 

Collector-Emitter  Saturation  Voltage 
(lC=  100  Adc,  lB  =  3.3  A) 
lc  =  1 50  Adc.  I  g  =  1  2  A) 
(lc=  100  Adc.  IB  =  3.3  A.  Tc=  100°C) 

VcE(sat) 

2.0 

Vdc 

3.3 
25 

Base-Emitter  Saturation  Voltage 
(lC=100Adc.  lB=3.3Adc| 
(lc  =  1 00  Adc.  IB  =  3.3  Adc.  TC  =  1 00°C) 

vBE(sat) 

30 

3.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  1 0  Vdc.  IE  =  0.  f,est  =  1  0  kHz) 

C0b 

4000 

pF 

11 1  Pulse  Test  Pulse  width  of  300  ^s.  duty  cycle  £2.0% 
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ELECTRICAL  CHARACTERISTICS  (Continued)  (Tc  =  25°C  unless  otherwise  noted) 

|    Symbol     |     Min      |  Typ 


Characteristic 


Unit 


SWITCHING  CHARACTERISTICS 


Resistive  Load 

Delay  Time 

(VCC  =  250  Vdc,  lc  =  100  A,  lB1  =  3.3  A. 

•d 

0.03 

0.25 

liS 

Rise  Time 

0.9 

3.0 

MS 

VBE(off)=50v.'p=50'lS 
Duty  Cycle  <  2.0%) 

<r 

Storage  Time 

| 

1.5 

3.75 

MS 

Fall  Time 

'f 

0.4 

1.25 

us 

Inductive  Load,  Clamped 

Storage  Time 

(lCM=  100  A,  VBE(off)  = 
5  0  V.  VCEM  =  250  V 

Tj=  100°C 
Tj  =  25°C 

tsv 

2.5 

7.5 

Ms 

Crossover  Time 

•c 

0.8 

3.0 

fs 

Storage  Time 

tsv 

1.5 

375 

lis 

Crossover  Time 

>B1  =  3.3  A) 

tc 

0.5 

1.5 

MS 

C  E  DIODE  CHARACTERISTICS 


Power  Dissipation  (lg  =  0) 

PD 

250 

W 

Forward  Voltage  (1 1  (If  =  100  A) 

vF 

1.7 

5.0 

V 

Reverse  Recovery  Current 

(lF=  100  A, 
di/dt  =  1COA/Ms) 

'RMIrecl 

20 

50 

A 

Reverse  Recovery  Time 

<rr 

0.4 

1.0 

MS 

Forward  Turn-On  Time 
(Compliance  Voltage  =  250  V,  lp  =  100  A) 

Ion 

0.1 

0.5 

IIS 

Single  Cycle  Surge  Current  (60  Hz) 

IFSM 

500 

A 

( 1 )  Pulse  Test.  Pulse  width  of  300  fis,  duty  cycle  ^2.0%. 

TYPICAL  ELECTRICAL  CHARACTERISTICS 

FIGURE  1  -  DC  CURRENT  GAIN  FIGURE  2  —  DC  CURRENT  GAIN 
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FIGURE  3  -  DC  CURRENT  GAIN 


FIGURE  4  -  COLLECTOR  SATURATION  REGION 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 

FIGURE  6  -  EMITTER-COLLECTOR  DIODE 
FIGURE  5  -  BASE-EMITTER  SATURATION  VOLTAGE  FORWARD  VOLTAGE 


TYPICAL  SWITCHING  CHARACTERISTICS 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS  FIGURE  8  -  INDUCTIVE  SWITCHING  TIMES 


FIGURE  9  -  TURN-ON  SWITCHING  TIMES  FIGURE  10  —  TURN-OFF  SWITCHING  TIMES 
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TABLE  1  -  RBSOA  AND  INDUCTIVE  SWITCHING  DRIVER  SCHEMATIC 


vCEO(iu.l 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


son 


DRIVER  SCHEMATIC 


PWV.riad  to  Attain 
lc  =  250  inA 


Lcoil=  10mHVcc»  10V 
RCOl|.0  7ll 
vclamp  =  vCECKsusl 


TURN  ON  TIME 
.  .  1 


'Bl  adjusted  to 
obtain  the  forced 

h|=E  desired 
TURN-OFF  TIME 
Use  inductive  switching 

circuit  as  the  input  to 
the  resistive  test  circuit 


MTM14N05 


-V0ff 
Drive 


Pulse  Width  =  25  jus 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


TUT  | 


See  Above  for 
Detailed  Conditions 


-1 


t,  Adjusted  to 
Obtain  lc 


n 


tf  Clamped  ^  «. 

-< 

H  |—  I,  - 


Wcil/l' 

«CC 
Lcoil  <'cM> 


Test  Equipment 
Scope  —  Tektronix 


Time 


r-H 


J  


•Adjust  -  V  such  that  VBE(off)  "  5  V  except  as  required  for 

SWITCHING 

In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  motor  controls,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 


tsv  =  Voltage  Storage  Time,  90%  Ifj1  to  10  %  Vqem 

trv  =  Voltage  Rise  Time,  10—90%  Vcem 

tfj  =  Current  Fall  Time,  90— 10%  IcM 

tti  =  Current  Tail,  10—2%  Icm 

tc  -  Crossover  Time,  10%  VctEfvl  to  10%  Icm 

An  enlarged  portion  of  the  inductive  switching  waveform 


RBSOA  (Figure  141. 

TIMES  NOTE 

is  shown  in  Figure  7  to  aid  on  the  visual  identity  of 
these  terms 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A: 

PSWT=  1/2  Vcdcttcl* 
In  general,  trv  ♦  tfi  =  tc  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user-oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


FIGURE  1 1  -  PEAK  REVERSE  BASE  CURRENT  FIGURE  12  -  REVERSE  RECOVERY  WAVEFORM 
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The  Safe  Operating  Area  figures  shown  in  Figures  1 3  and  1 4 
are  specified  for  these  devices  under  the  test  conditions  shown. 

FIGURE  13—  MAXIMUM  RATED  FORWARD  BIAS. 
SAFE  OPERATING  AREA 
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FIGURE  14  -  MAXIMUM  REVERSE-BIAS 
SAFE  OPERATING  AREA  (RBSOA) 
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FIGURE  15  -  POWER  DERATING 
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SAFE  OPERATING  AREA  INFORMATION 
FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  1/^ — Vfj£ 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  13  is  based  on  Tc  -  25°C;  fj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1  3  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 5. 

TJ{pk)  may  be  calculated  from  the  data  in  Figure  20. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse- Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse-biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  14 
gives  the  RBSOA  characteristics. 

OVERLOAD  SAFE  OPERATING  AREA 

The  forward-bias  safe  operating  area  (FBSOA)  specifica- 
tion given  in  Figure  13  adequately  describes  transistor 
capability  for  normal  repetitive  operation.  When  short  cir- 
cuit or  fault  conditions  occur,  these  transistor  specifications 
are  not  always  adequate.  A  specification  called  overload 
safe  operating  area  (OLSOA)  has  been  developed  todescribe 
the  transistor's  ability  to  survive  under  fault  conditions. 
OLSOA  is  specified  under  two  types  of  conditions. 

TYPE  I  OLSOA 

Type  I  OLSOA  applies  when  maximum  collector  current 
is  limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known.  Figure  1 6  depicts  the  Type  I  OLSOA  rating  for  the 
MJ1 01 01 .  Maximum  allowable  collector-emitter  voltage 
versus  collector  current  is  plotted  for  several  pulse  widths. 
{Pulse  width  is  defined  as  the  time  lag  between  the  fault 
condition  and  the  removal  of  base  drive.)  Storage  time  of 
the  transistor  has  been  factored  into  the  curve.  Therefore, 
with  bus  voltage  and  maximum  collector  current  known, 

(continued  on  backpage) 
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OVERLOAD  CHARACTERISTICS 


FIGURE  16  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  OLSOA) 
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FIGURE  18  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  I 


FIGURE  17  -  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOA) 


TC  = 

25°C 

<P  = 

0  (is 

i 

0  100  200  300  400  50C 

VCe.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 

■ 


Notes: 
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FIGURE  19  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  II 
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SAFE  OPERATING  AREA  INFORMATION  (continued) 


TYPE  I  OLSOA  (continued) 

Figure  1 6  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

Type  I  OLSOA  is  measured  in  a  common-base  circuit 
(Figure  18)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 

TYPE  II  OLSOA 

Type  II  OLSOA  applies  when  maximum  collector  current 
is  not  limited  by  circuit  design,  but  is  limited  only  by  the 
gain  of  the  transistor.  Therefore,  collector  current  does  not 
appear  on  the  Type  II  OLSOA  curve.  This  curve  defines  a 
safe  region  of  operation  from  the  information  that  is  usually 
available  to  the  designer. 

This  information  is  normally  base  drive,  bus  voltage  and 
time.  In  terms  of  the  OLSOA  curve,  bus  voltage  is  assumed 
to  be  worst-case  collector -emitter  voltage,  and  time  is 
defined  to  be  the  same  pulse  width  that  was  described  for 
Type  I  OLSOA.  Using  these  variables,  maximum  collector- 
emitter  voltage  versus  base  drive  is  plotted  for  several 
values  of  pulse  width.  A  safe  region  of  operation  is  thus 
1  by  the  circuit  parameters.  Type  II  OLSOA.  as 


shown  in  Figure  17,  is  measured  in  the  circuit  shown  in 
Figure  19.  and  measurement  is  made  as  lollows:  Base 
current  is  applied  while  the  collector  is  open,  allowing  a 
highly  overdriven  saturated  condition.  Next,  a  stiff  voltage 
source  is  applied  to  the  collector.  The  rising  voltage  at  the 
collector  of  the  transistor  triggers  a  delay  function  At  the 
end  of  this  delay,  base  drive  is  removed.  The  delay  time  is 
the  variable  on  the  Type  II  OLSOA  curve.  The  storage  time 
of  the  transistor  is  thereby  factored  into  the  rating. 

There  are  several  additional  aspects  to  be  considered 
regarding  OLSOA.  The  first  consideration  is  that  OLSOA  is 
strictly  a  NONREPETITIVE  rating.  It  is  intended  to  describe 
the  survivability  of  the  transistor  during  an  accidental  over 
load  and  is  not  intended  to  describe  a  stress  level  which 
can  be  sustained  indefinitely.  The  number-of  nonrepetitive 
faults  for  which  OLSOA  is  defined  for  the  MJ10101  is 
100  occurrences.  Another  factor  is  the  form  of  turn-off 
bias.  For  the  MJ10101,  turn-off  bias  has  relatively  little 
effect  on  its  OLSOA  capability.  This  observation  is  valid 
from  lB2  =  0  (soft)  to  VBE(off )  =  5  V  (stiff). 

OLSOA  is  subject  tothe  same  derating  with  temperature 
as  normal  FBSOA  The  second  breakdown  derating  curve  is 
applied  to  the  allowable  current  at  any  given  voltage,  using 
the  same  procedure  that  is  followed  with  pulsed  FBSOA. 


FIGURE  20  -  THERMAL  RESPONSE 
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MOTOROLA 


MJ 10200 


Designer's  Data  Sheet 


50  KVA  SWITCHMODE  TRANSISTOR 
200-Ampere  Operating  Current 

The  MJ10200  Darlington  transistor  is  designed  for  industrial 
service  under  practical  operating  environments  found  in  switching 
high  power  inductive  loads  off  120-Volt  lines. 


*  25  4.0 


"Emitter-Collector  Diode  is  a  high  power  diode. 


200  AMPERE 
NPN  SILICON 
POWER  DARLINGTON 
TRANSISTOR 

250  VOLTS 
500  WATTS 


Designer's  Data  for 
"Worst-Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data — 
representing  device  characteristics 
boundaries— are  given  to  facilitate 
worst-case  '  design 




MAXIMUM  RATINGS 


Mechanical  Ratings 

Rating 

Value 

Unit 

Mounting  Torque  (To  heat  sink  with  10-32  Screw) 
(Note  1| 

20 

in.-lb 

Lead  Torque  (Lead  to  bus  with  1  /4-20  Screw) 
(Note  2) 

20 

in.-lb 

Per  Unit  Weight 

120 

grams 

THERMAL  CHARACTERISTICS 


Thermal  Resistance.  Junction  to  Case.Rgjc 


Mica  Insulators  available  as  separate  items. 
0.003-  thick  Motorola  Part  Number  14ASB12387B001 
0.006-  thick.  Motorola  Part  Number  1 4ASB1 2387B002 

Notes: 

1  A  Belleville  washer  of  0.472"  O.D..  0.205"  I  D..  0.024"  thick  and  1  50  pounds  flat  is 
recommended. 

2.  The  lead  torque  should  be  limited  to  20  in.-lb,  unsupported  to  prevent  rotation  of  the 
terminal  in  the  package.  The  torque  may  be  increased  to  50  in.-lb  if  support  is  used  to 
prevent  rotation.  The  maximum  penetration  of  the  screw  should  be  limited  to  0. 75- 


PIN  1.  BASE 

2.  EMITTER 

3.  EMITTER 


Hi.  j  4. 


NOTES: 

1.  dimension  a  and  b  are  datums. 

2.  Gt]isseating  plane. 

3.  positional  tolerance  for 
mounting  holes: 

Ml  0.36  io.oh)©|t|a®|b@] 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

53.09 

63.84 

2.090 

2.120 

B 

55.37 

56.39 

2.180 

2.220 

C 

26.67 

1.050 

D 

6.10 

6.60 

0.240 

0.260 

E 

G.60 

7.11 

0  260 

0.280 

F 

0.71 

0.81 

0.028 

0.032 

G 

43  31  esc 

1.705  BSC 

H 

12.57 

1282 

0.495 

0.505 

J 

1.52 

1.62 

0.060 

0.064 

K 

9.50 

9.75 

0.374 

0.384 

L 

10.21 

10.46 

0.402 

0.412 

M 

18.92 

19.18 

0.745 

0  765 

N 

23.67 

23.93 

0.932 

0.942 

P 

5.08 

5.21 

0  200 

0.205 

D 

3.53 

3.78 

0.139 

0.149 

R 

6.76 

7.26 

0.266 

0.286 

S 

14  73 

15.24 

0.580 

0.600 

V 

5.33 

5.84 

0.210 

0.230 

w 

6.40 

6  65 

0  262 

0  262 

X 

7.37 

7.87 

0  290 

0.310 
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MAXIMUM  RATINGS  (Continued) 


Electrical  Ratings 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

250 

Vdc 

Collector-Emitter  Voltage  (Rbe  =  1  0  Ohms) 

VCER 

300 

Vdc 

Collector-Base  Voltage 

VCB 

300 

Vdc 

Emitter-Base  Voltage 



VEB 

8.0 

Vdc 

Collector  Current  —  Operating,  Tc  =  50°C 

—  Continuous.  Tc  =  25°C 

—  Peak  Repetitive.  Tc  =  25°C 

—  Peak  Nonrepetitive,  Tc  =  25°C 

'C 

200 
300 
600 
1000 

A 

Base  Current  —  Continuous 

—  Peak  Nonrepetitive 

IB 

50 
100 

A 

Total  Device  Dissipation  <§>  Tc  =  25°C 
Derate  above  25°C 
For  1  -minute  overload 

PD 

500 
40 
667 

Watts 
W/°C 
Watts 

Operating  Junction  and  Storage  Temperature  Range 

Tj-  TStg 

-55  to  +150 
-55  to  200 

°C 



ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


Symbol 


Typ 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
OC  =  250  mAdc.  IB  i  0) 

VcEO(sus) 

250 

Vdc 

Collector  Cutoff  Current 
|VCE  =  300  Vdc.  VBE(off|  =1.5  Vdc) 
(Vce  =  300  Vdc.  VBE(0ff)  =1.5  Vdc,  Tc  =  1 50°C) 

Icev 

20 
10 

mAdc 

Collector  Cutoff  Current 

(vCe  =  300  vdc,  rBe  =  1  o  n,  tc  =  i  oo°o 

ICER 

10 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  4.0  Vdc,  lC  =  0) 

!EB0 

650 

mAdc 

SAFE  OPERATING  AREA 


ON  CHARACTERISTICS  (1 


DYNAMIC  CHARACTERISTICS 


1 1 )  Pulse  Test.  Pulse  width  of  300  «s,  duty  cycle  S2.0%. 


Second  Breakdown  Collector  Current  with  Base  Forward-Biased 

FBSOA 

See  Figure  13 

Clamped  Inductive  SOA  with  Base  Reverse-Biased 

RBSOA 

See  Figure  14 

Overload  SOA 

OLSOA 

See  Figures  16  and  17 

DC  Current  Gain 
(lC  =  200  Adc,  VC£  =50  Vdc) 
OC  =  200  A,  VCE  =  10  V) 

"FE 

75 
90 

Collector-Emitter  Saturation  Voltage 
(lC  =  2COAdc.  lB  =  5  5A) 
(lc  =  200  Adc,  lB  =  5 .5  A.  Tc  =  1 00°C| 

vCE(sat) 

2.0 
2.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  200  Adc,  lB  =  5.5  Adc) 
(lc  =  200  Adc.  IB  =  5.5  Adc.  Tc  =  1 00°C) 

vBE(sat) 



3.5 
3.5 



Vdc 

Output  Capacitance 

C0b 

4000 

pF 

(VCB  =  10  Vdc,  lE  =  0,  f,est  =  1  0  kHz) 
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ELECTRICAL  CHARACTERISTICS  (Continued)  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


SWITCHING  CH/ 


Symbol 


Min 


Typ 




Max 


Resistive  Load 

Delay  Time 

(Vcc  =  1 50  Vdc.  IC  =  200  A,  lB1  =  5.5  A. 
RgE  =  10  n.  tp=  50  /iS. 
Duty  Cycles;  2.0%) 

td 

0.035 

0.25 

MS 

Rise  Time 

'r 

1.2 

4.0 

Storage  Time 

»s 

6.3 

20 

cs 

Fall  Time 

tf 

2  5 

8.0 

»is 

Inductive  Load,  Clamped 

Storage  Time 

OCM  =  200  A. 

VCEM=150V,  RBE=10n. 
|R1  =5.5  A) 

Tj=  100°C 

•sv 

9.0 

30 

cs 

Crossover  Time 

<c 

3  3 

12 

„s 

Storage  Time 

Tj  =  25°C 

tsv 

6.5 

20 

(JS 

Crossover  Time 

'c 

2.3 

8.0 

MS 

C-E  DIODE  CHARACTERISTICS 


Power  Dissipation  (lg  =  0) 

PD 

250 

W 

Forward  Voltage  (1 )  (lF  =  200  A) 

Vf 

1.4 

2.0 

V 

Reverse  Recovery  Time 

Irr 

2.5 

8.0 

MS 

(d|/dt  s  25  A/Ms.  IF  =  200  A) 

Forward  Turn-On  Time 
(Compliance  Voltage  =  250  V,  lp  =  100  A) 

*on 

1.0 

3.5 

MS 

Single  Cycle  Surge  Current  (f  =  60  Hz) 

 1 

'FSM 

500 

A 

(1)  Pulse  Test  Pulse  width  ol  300  „s.  duty  cycle  S2.0%. 

TVDI  t*AI  CICrTDIPAl 

rUADAOT 

r  n  icti  f( 

• 

FIGURE  1  —  DC  CURRENT  GAIN 


FIGURE  2  —  DC  CURRENT  GAIN 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 


FIGURE  5  -  BASE-EMITTER  SATURATION  VOLTAGE 


FIGURE  6  -  EMITTER-COLLECTOR  DIODE 
FORWARD  VOLTAGE 


6.0         10  20  50 

lc.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


5.0  10  20  50 

l|  FORWARD  CURRENT  (AMPS) 

CHARACTERISTICS 

FIGURE  8  -  TYPICAL  INDUCTIVE  SWITCHING  TIMES 
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FIGURE  9  -  TYPICAL  TURN-ON  SWITCHING  TIMES 


0  1     0  2        0  5     1.0     2.0        5.0     10      20        50  100 
RBE,  BASE-EMITTER  RESISTANCE  (OHMS) 

FIGURE  10  -  TURN-OFF  SWITCHING  TIMES 


5.0         10  20  50 

lC,  COLLECTOR  CURRENT  (AMPS) 


Vcc  =  150  V  : 
IC/IB  =  25  : 
flBE  =  10n  - 
Tj  =  25oC  - 
I  I  I  I  I 


5.0         10  20  50 

lC.  COLLECTOR  CURRENT  (AMPS) 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


vceoiimi 


RBSOA  AND  INDUCTIVE  SWITCHING 


—ITCHWO 


h 


to  n 

5  \ 
0- 


DRIVER  SCHEMATIC 


For  inductive  loads  pulse  width 
is  adjusted  Id  obtain  specified  Iq 


-a. 


TURN  ON  TIME 


oTTiJ       ^5  0, 


I  I 


V  Var.ad  lo  Attain 


I  J  -50V  J  SOU  II 

0.003 


J  K 


Lcoi,  -  lOmH  vcc  -  10  \ 
"eo.l  -  0  1  Q 
velimo  *  vCEO<tui> 


Lcoi,  -  3.0  MH 
VCC  ■  20  V 


•30  V 
B,  Ad,US|R1 

lo  obtain 
desirod  iB1 

OOlJ  3_o.oos 

I  I 
MTM1224 


obtain  in*  forced 
hpE  ttawirwd 

TURN-OFF  TIME 
UM  indue  tlv*  nu itch inj 

circuit  a*  tit*  input  to 
tit*  r*ti»iiv»  ml  circuit. 


VCC  -  1 50  V 

RL-  .75  n 

PulM  Width  -  25  m* 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


'CM 


4  InT-T 


HQ3 


I— '3-1 


*CC 
l-coil  "CM> 


T*»t  Equipmtni 
475  0>  Equivalent 


•Adjust  -  V  such  that  VBE(0tf|  -  5  V  except  as  required  foi 

SWITCHING 

In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  motor  controls,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Ibi  to  10  %  Vcem 

try  =  Voltage  Rise  Time,  10—90%  Vcem 

tf|  =  Current  Fall  Time.  90— 10%  Icm 

ttj  =  Current  Tail,  1 0—2%  IcM 

tc  =  Crossover  Time,  10%  Vcem  to  10%  Icm 

An  enlarged  portion  of  the  inductive  switching  waveform 

FIGURE  1 1  -  TYPICAL  PEAK  REVERSE  BASE  CURRENT 


RBSOA  (Figure  141. 

TIMES  NOTE 

is  shown  in  Figure  7  to  aid  on  the  visual  identity  of 
these  terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A: 

PSWT=  1/2  VCClc«c)* 
In  general,  trv  +  tfj  =  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user-oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 

FIGURE  12  -  THERMAL  RESPONSE 
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The  Safe  Operating  Area  figures  shown  in  Figures  1 3  and  14 
are  specified  for  these  devices  under  the  test  conditions  shown. 


FIGURE  13  —  MAXIMUM  RATED  FORWARD-BIAS 
SAFE  OPERATING  AREA  (FBSOA) 
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FIGURE  14  —  MAXIMUM  RATED  REVERSE-BIAS 
SAFE  OPERATING  AREA  (RBSOA) 
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FIGURE  15  -  POWER  DERATING 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  !(;— VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  13  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  1 0%  but  must  be 
derated  when  Tq  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 3  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 5. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  12. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse-biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse-Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse-biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1 4 
gives  the  RBSOA  characteristics. 

OVERLOAD  SAFE  OPERATING  AREA 

The  forward-bias  safe  operating  area  {FBSOA)  specifica- 
tion given  in  Figure  13  adequately  describes  transistor 
capability  for  normal  repetitive  operation.  When  short  cir- 
cuit or  fault  conditions  occur,  these  transistor  specifications 
are  not  always  adequate.  A  specification  called  overload 
safe  operating  area  (OLSOA)  has  been  developed  to  describe 
the  transistor's  ability  to  survive  under  fault  conditions. 
OLSOA  is  specified  under  two  types  of  conditions. 

TYPE  I  OLSOA 

Type  I  OLSOA  applies  when  maximum  collector  current 
is  limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known.  Figure  1 6  depicts  the  Type  I  OLSOA  rating  for  the 
MJ10200.  Maximum  allowable  collector-emitter  voltage 
versus  collector  current  is  plotted  for  several  pulse  widths. 
(Pulse  width  is  defined  as  the  time  lag  between  the  fault 
condition  and  the  removal  of  base  drive.)  Storage  time  of 
the  transistor  has  been  factored  into  the  curve.  Therefore, 
with  bus  voltage  and  maximum  collector  current  known, 

{continued  on  back  page) 
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MJ10200 


OVERLOAD  CHARACTERISTICS 


FIGURE  16  -  RATED  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOA) 
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FIGURE  17  -  RATED  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOAI 
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FIGURE  18  -  OVERLOAD  SOATEST  CIRCUIT 
TYPE  I 


•  VCE  =  VCC  +  VBE 

•  Adjust  pulsed  current  source 

for  desired  \q.  tp 


Notes: 

•  Rep  Rate  sj  10  Hz 

•  Adjust  R1  for  desired  lg 

•  Pulse  delay  time  at  the 

generator  determines  pulse 
width  at  the  device  under  test 


FIGURE  1 9  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  II 
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SAFE  OPERATING  AREA 

TYPE  I  OLSOA  (continued) 

Figure  16  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

Type  I  OLSOA  is  measured  in  a  common-base  circuit 
(Figure  18)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 

TYPE  II  OLSOA 

Type  II  OLSOA  applies  when  maximum  collector  current 
is  not  limited  by  circuit  design,  but  is  limited  only  by  the 
gain  of  the  transistor.  Therefore,  collector  current  does  not 
appear  on  the  Type  II  OLSOA  curve.  This  curve  defines  a 
safe  region  of  operation  from  the  information  that  is  usually 
available  to  the  designer. 

This  information  is  normally  base  drive,  bus  voltage  and 
time.  In  terms  of  the  OLSOA  curve,  bus  voltage  is  assumed 
to  be  worst-case  collector-emitter  voltage,  and  time  is 
defined  to  be  the  same  pulse  width  that  was  described  for 
Type  I  OLSOA.  Using  these  variables,  maximum  collector- 
emitter  voltage  versus  base  drive  is  plotted  for  several 
values  of  pulse  width.  A  safe  region  of  operation  is  thus 
determined  by  the  circuit  parameters.  Type  II  OLSOA.  as 


shown  in  Figure  17,  is  measured  in  the  circuit  shown  in 
Figure  19,  and  measurement  is  made  as  follows:  Base 
current  is  applied  while  the  collector  is  open,  allowing  a 
highly  overdriven  saturated  condition.  Next,  a  stiff  voltage 
source  is  applied  tothe  collector.  The  rising  voltage  at  the 
collector  of  the  transistor  triggers  a  delay  function.  At  the 
end  of  this  delay,  base  drive  is  removed  The  delay  time  is 
the  variable  on  the  Type  II  OLSOA  curve.  The  storage  time 
of  the  transistor  is  thereby  factored  into  the  rating. 

There  are  several  additional  aspects  to  be  considered 
regarding  OLSOA.  Thefirst  consideration  is  that  OLSOA  is 
strictly  a  NONREPETITIVE  rating.  It  is  intended  to  describe 
the  survivability  of  the  transistor  during  an  accidental  over- 
load and  is  not  intended  to  describe  a  stress  level  which 
can  be  sustained  indefinitely.  The  number  of  nonrepetitive 
faults  for  which  OLSOA  is  defined  for  the  MJ 10200  is 
100  occurrences.  Another  factor  is  the  form  of  turn-off 
bias  For  the  MJ10200,  turn-off  bias  has  relatively  little 
effect  on  its  OLSOA  capability.  This  observation  is  valid 
from  lB2  =  0  (soft)  to  VBE(off)  =  5  V  (stiff). 

OLSOA  is  subject  to  the  same  derating  with  temperature 
as  normal  FBSOA.  The  second  breakdown  derating  curve  is 
applied  to  the  allowable  current  at  any  given  voltage,  using 
the  same  procedure  that  is  followed  with  pulsed  FBSOA 
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MJ10201 
MJ10202 


Designer's  Data  Sheet 


50  KVA  HIGH  SPEED  SWITCHMODE  TRANSISTOR 
200-Ampere  Operating  Current 

The  MJ10201  Darlington  transistor  is  designed  for  industrial 
service  under  practical  operating  environments  requiring  fast 
switching  speed  for  highly  efficient  systems  operating  at  high 
frequency  such  as  inverters.  PWM  controllers  and  other  high 
frequency  system  operating  from  120  V  lines  or  batteries. 


Emitter 


*  25 

'Emitter-Collector  Diode  is  a  fast  recovery,  high  power  diode 


200  AMPERE 
NPN  SILICON 
POWER  DARLINGTON 
TRANSISTOR 

200  and  250  VOLTS 
500  WATTS 


MAXIMUM  RATINGS 


Mechanical  Ratings 

Rating 

Value 

Unit 

Mounting  Torque  (To  heat  sink  with  10-32  Screw) 

20 

in.-lb 

(Note  1 ) 

Lead  Torque  (Lead  to  bus  with  1  /4-20  Screw) 
(Note  2) 

20 

in  -lb 

Per  Unit  Weight 

120 

grams 

Thermal  Resistance,  Junction  to  Case.R^jc 


0.25 


Mica  Insulators  available  as  separate  items. 
0.003-  thick.  Motorola  Part  Number  B1 2387B001 . 
0.006"  thick  Motorola  Part  Number  B12387B002. 


1 .  A  Belleville  washer  of  0.472"  O.D.,  0.205"  1.0.,  0.024"  thick  and  1  50  pounds  flat  is 
recommended  such  as  P/N  AM125206  available  from  National  Disc  Spring  Div., 
385  Hillside  Ave.,  Hillside  N.J.  07205 

2  The  lead  torque  should  be  limited  to  20  in. -lb.  unsupported  to  prevent  rotation  of  the  termmat 
m  ihe  package.  The  torque  may  be  increased  to  50  in. -Ib  if  support  is  used  to  prevent 
rotation.  The  maximum  penetration  of  the  screw  should  be  limited  to  0-75' 


Designer's  Data  for 
"Worst-Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data — 
representing  device  characteristics 
boundaries— are  given  to  facilitate 
"worst-case"  design. 





STYLE  I: 
PIN  1.  BASE 

2.  EMITTER 

3.  EMITTER 

4.  COLLECTOR 
5  COLLECTOR 

NOTES: 

1.  DIMENSION  A  AND  B  ARE  OATUMS. 

2.  rf~llS  SEATING  PLANE. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLES: 

RRi^m.oi4)i|T|Affli|Bfa1 

4.  DIMENSIONING  AND  TOLERANCING 
PER  ANSI  Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

53.09 

53.8« 

;  090 

2.120 

B 

55.37 

56.39 

2  ISO 

2  220 

C 

26  6  7 

1.050 

D 

6  10 

6.60 

0.240 

0.260 

E 

6  60 

Ml 

0.260 

0.280 

F 

0.71 

0.81 

0.028 

0.032 

G 

43.31  BSC 

1.70 

BSC 

H 

12.57 

12.82 

0.495 

0.505 

J 

1.52 

1.62 

0.060 

0.064 

K 

9.50 

S.li 

0.374 

0.384 

L 

1021 

10.46 

Q.402 

0.412 

i 

1892 

19  18 

0  745 

0  755 

N 

23.67 

23  93 

0  932 

0.942 

P 

508 

521 

0  200 

0  205 

0 

3.53 

3.78 

0.139 

0.149 

R 

6.76 

7.26 

0.266 

0.286 

S 

14.73 

15.24 

0  580 

0.600 

V 

5.33 

584 

0.210 

0  ?30 
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MAXIMUM  RATINGS  (Continued) 


Electrical  Ratings 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage  MJ10201 

MJ 10202 

VCEO 

250 
200 

Vdc 

Collector-Emitter  Voltage  (RBE  =  1 0  Ohms) 

VCER 

300 

Vdc 

Collector-Base  Voltage 

VCB 

300 

Vdc 

Emitter-Base  Voltage 

VEB 

8.0 

Vdc 

Collector  Current  —  Operating,  Tc  =  50°C 

—  Continuous,  Tc  =  25°C 

—  Peak  Repetitive,  Tc  =  25°C 

—  Peak  Nonrepetitive,  Tc  =  25°C 

!C 

200 
300 
600 
1000 

A 

Base  Current  —  Continuous 

—  Peak  Nonrepetitive 

IB 

50 
100 

A 

Total  Device  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 
For  1  -minute  overload 

500 
4.0 
667 

Watts 

W/°C 
Watts 

Operating  Junction  and  Storage  Temperature  Range 
For  1  -minute  overload 

Tj,  Tstg 

-55  to +150 
-55  to  +200 



°C 

■ 

ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1)  MJ10201 
|lc  t  250  mAdc,  lB  =  0)  MJ10202 

VcEO(sus) 

250 
200 

Vdc 

Collector  Cutoff  Current 
|VCE  f  500  Vdc,  VBE(off|  =  1 .5  Vdc) 
(VCE  =  500  Vdc,  VBE(off,  =  1 .5  Vdc.  Tc  =  1 50°C) 

ICEV 

2  0 
10 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  4.0Vdc.  IC  =  0) 

lEBO 

5.0 

mAdc 

SAFE  OPERATING  AREA 

Second  Breakdown  Collector  Current  with  Base  Forward-Biased 

FBSOA 

See  Figure  1 3 

Clamped  Inductive  SOA  with  Base  Reverse-Biased 

RBSOA 

See  Figure  14 

Overload  SOA 

OLSOA 

See  Figures  16  and  17 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 
|IC  =  200  Adc,  Vce  »  5.0  Vdc) 

nFE 

75 

(lc  =  200A.  VCE=  10  V) 

90 

Collector-Emitter  Saturation  Voltage 

vCE(sat) 

2.0 
2.5 

Vdc 

(lC  =  200  Adc,  lB  =  5.5  A) 

(lc  =  200  Adc,  lB  =  5.5  A,  Tc  =  100°C) 

Base-Emitter  Saturation  Voltage 
(lc  =  200  Adc,  lB  =  5.5  Adc) 
(lC  =  200  Adc,  lB  =  5.5  Adc.  Tc  =  1 00°C) 

VBE(sat) 

3.5 
3.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc,  lE  =  0.  f,es,  =  1  0  kHz) 

Cob 

4000 

pF 

(1 )  Pulse  Test.  Pulse  width  of  300  pt,  duty  cycle  S2.0%. 
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ELECTRICAL  CHARACTERISTICS  (Continued)  (Tc  =  25°C  unless  otherwise  noted) 

Characteristic  |     Symbol     |     Min  | 

SWITCHING  CHARACTERISTICS 


Typ 


Max 


Resistive  Load 

Delay  Time 

(Vcc=  150Vdc.  IC  =  200A,  lB1 
tp  =  50  „s,  VBE(off|  =  5.0  V. 
Duty  Cycle  «  2.0%) 

=  5.5  A. 

'd 

0035 

0.25 

l<s 

Rise  Time 

<r 

12 

40 

*"S 

Storage  Time 

Is 

1.4 

4.0 

MS 

Fall  Time 

tf 

0.25 

1.0 

fS 

Inductive  Load.  Clamped 

Storage  Time 

dCM=200A, 

VCEM  -150  V,  lB1  =  5.5  A, 
lB2  =  5.5  A) 

Tj=  100°C 

tsv 

- 

28 

8.0 

pf 

Crossover  Time 

1C 

1.4 

4.0 

i*s 

Storage  Time 

Tj  =  25°C 

tsv 

2.2 

6.5 

Ms 

Crossover  Time 

tc 

- 

1.0 

3.0 

C-E  DIODE  CHARACTERISTICS 


Power  Dissipation  (lB  =  0) 

?D 

250 

W 

Forward  Voltage  (1 )  (lF  =  200  A) 

vf 

2.5 

5.0 

V 

Reverse  Recovery  Time 
(d,/d,  =  25  A/Ms,  lF  '-  200  A) 

trr 

0.4 

1.0 

es 

Forward  Turn-On  Time 
(Compliance  Voltage  =  200  V,  lp  =  100  A) 

ton 

0.4 

1.0 

es 

Single  Cycle  Surge  Current  (f  =  60  Hz) 

IFSM 

500 

A 

Reverse  Recovery  Current 
(lF  =  200  A,  di/dt  =  200  A/Ms) 

'RM(REC) 

50 

100 

A 

( 1 )  Pulse  Test.  Pulse  width  ^  300      dutv  cvcle  sS2.0%. 

TYPICAL  ELECTRICAL  CHARACTERISTICS 

FIGURE  1  -  DC  CURRENT  GAIN  FIGURE  2  -  DC  CURRENT  GAIN 
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TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 
FIGURE  5  -  BASE-EMITTER  SATURATION  VOLTAGE 


FIGURE  6  -  EMITTER-COLLECTOR  DIODE 
FORWARD  VOLTAGE 
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TYPICAL  SWITCHING  CHARACTERISTICS 

FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


If.  FORWARD  CURRENT  (AMPS) 


FIGURE  8  -  INDUCTIVE  SWITCHING  TIMES 


FIGURE  9  -  TYPICAL  TURN-ON  SWITCHING  TIMES 


l62.  REVERSE  BASE  CURRENT  (AMPS) 


FIGURE  10  -  TURN-OFF  SWITCHING  TIMES 
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TABLE  1      RBSOA  AND  INDUCTIVE  SWITCHING  DRIVER  SCHEMATIC 


Input 
See  Above  lor 
Detailed  Conditions 


1 

v- 

t,  Clamped 

vclamp 

k.2- 



Lcuil"CMl' 
^clamp 


Test  Equipment 
Scope  -  Tekitonm 
475  ot  Equivalent 




 1  


"Ad|ust  -  V  such  that  Vg£{0ff)  =  5  V  except  as  required  for 

SWITCHING 

In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  motor  controls,  current  and  voltage 
waveforms  are  not  in  phase  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time.  90%  Iri  to  10  %  Vcem 

trv  =  Voltage  Rise  Time.  10—90%  Vcem 

tfj  =  Current  Fall  Time.  90— 10%  Icm 

ttl  =  Current  Tail.  10—2%  Icm 

tc  =  Crossover  Time.  10%  VcEM  to  10%  'CM 

An  enlarged  portion  of  the  inductive  switching  waveform 
FIGURE  11  -  PEAK  REVERSE  BASE  CURRENT 


.  IC  =  2D0  A  _ 

■81  =  5  5  * 
Tj  =  25°C  " 


RBSOA  (Figure  141 

TIMES  NOTE 

is  shown  in  Figure  7  to  aid  on  the  visual  identity  of 
these  terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A 

PSWT=  1/2  Vcclc('c)* 
In  general,  trv  +  tf,  =  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers  However,  for  designers  of  high 
frequency  converter  circuits,  the  user-oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C 

FIGURE  1 2  -  REVERSE  RECOVERY  WAVEFORM 

t,r  @  if  -  200  A  @  Vbe  =  -5.0  V 


0       2  0       3  0       4  0       5.0       6.0       7  0      8  0 
VBE(otl)  BASE-EMITTER  VOLTAGE  |V0LTS| 


3-927 


The  Safe  Operating  Area  figures  shown  in  Figures  1 3  and  1 4 
are  specified  for  these  devices  under  the  test  conditions  shown. 


FIGURE  13  -  MAXIMUM  RATED  FORWARD- BIAS 
SAFE  OPERATING  AREA  (FBSOA) 
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FIGURE  14  —  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPEATING  AREA  (RBSOA) 
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FIGURE  15  -  POWER  DERATING 


Te. 


SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q — VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  13  is  based  on  Tc  -  25°C;  Tj(p|<) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 3  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1  5. 

Tj(pk)  rnay  be  calculated  from  the  data  in  Figure  20. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn -off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse-biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse-Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse-biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1 4 
gives  the  RBSOA  characteristics. 

OVERLOAD  SAFE  OPERATING  AREA 

The  forward-bias  safe  operating  area  (FBSOA)  specifica- 
tion given  in  Figure  13  adequately  describes  transistor 
capability  for  normal  repetitive  operation.  When  short  cir- 
cuit or  fault  conditions  occur,  these  transistor  specifications 
are  not  always  adequate.  A  specification  called  overload 
safe  operating  area  (OLSOA)  has  been  developed  to  describe 
the  transistor's  ability  to  survive  under  fault  conditions. 
OLSOA  is  specified  under  two  types  of  conditions. 

TYPE  I  OLSOA 

Type  I  OLSOA  applies  when  maximum  collector  current 
is  limited  and  known.  A  good  example  is  a  circuit  where  an 
inductor  is  inserted  between  the  transistor  and  the  bus, 
which  limits  the  rate  of  rise  of  collector  current  to  a  known 
value.  If  the  transistor  is  then  turned  off  within  a  specified 
amount  of  time,  the  magnitude  of  collector  current  is  also 
known.  Figure  1 6  depicts  the  Type  I  OLSOA  rating  for  the 
devices.  Maximum  allowable  collector-emitter  voltage 
versuscollector  current  is  plotted  for  several  pulse  widths. 
(Pulse  width  is  defined  as  the  time  lag  between  the  fault 
condition  and  the  removal  of  base  drive.)  Storage  time  of 
the  transistor  has  been  factored  into  the  curve.  Therefore, 
with  bus  voltage  and  maximum  collector  current  known, 

(continued  on  back  page) 
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MJ10201,  MJ10202 


OVERLOAD  CHARACTERISTICS 


FIGURE  16  -  RATED  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  I  (OLSOA) 
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FIGURE  18  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  I 


FIGURE  17  -  RATED  OVERLOAD  SAFE  OPERATING  AREA 
TYPE  II  (OLSOA) 
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Notes: 

•  VCE  =  VCC  *  VBE 

•  Adjust  pulsed  current  source 

for  desired  Ifj,  tp 


FIGURE  19  -  OVERLOAD  SOA  TEST  CIRCUIT 
TYPE  II 
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Notes: 
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SAFE  OPERATING  AREA  INFORMATION  (continued! 


TYPE  I  OLSOA  (continued) 

Figure  1 6  defines  the  maximum  time  which  can  be  allowed 
for  fault  detection  and  shutdown  of  base  drive. 

Type  I  OLSOA  is  measured  in  a  common-base  circuit 
(Figure  18)  which  allows  precise  definition  of  collector- 
emitter  voltage  and  collector  current.  This  is  the  same 
circuit  that  is  used  to  measure  forward-bias  safe  operating 
area. 

TYPE  II  OLSOA 

Type  II  OLSOA  applies  when  maximum  collector  current 
is  not  limited  by  circuit  design,  but  is  limited  only  by  the 
gain  of  the  transistor.  Therefore,  collector  current  does  not 
appear  on  the  Type  II  OLSOA  curve.  This  curve  defines  a 
safe  region  of  operation  from  the  information  that  is  usually 
available  to  the  designer. 

This  information  is  normally  base  drive,  bus  voltage  and 
time.  In  terms  of  the  OLSOA  curve,  bus  voltage  is  assumed 
to  be  worst-case  collector-emitter  voltage,  and  time  is 
defined  to  be  the  same  pulse  width  that  was  described  for 
Type  I  OLSOA  Using  these  variables,  maximum  collector- 
emitter  voltage  versus  base  drive  is  plotted  for  several 
values  of  pulse  width.  A  safe  region  of  operation  is  thus 
determined  by  the  circuit  parameters  Type  II  OLSOA,  as 


shown  in  Figure  1 7,  is  measured  in  the  circuit  shown  in 
Figure  19,  and  measurement  is  made  as  follows:  Base 
current  is  applied  while  the  collector  is  open,  allowing  a 
highly  overdriven  saturated  condition  Next,  a  stiff  voltage 
source  is  applied  to  the  collector.  The  rising  voltage  at  the 
collector  of  the  transistor  triggers  a  delay  function.  At  the 
end  of  this  delay,  base  drive  is  removed.  The  delay  time  is 
the  variable  on  the  Type  II  OLSOA  curve  The  storage  time 
of  the  transistor  is  thereby  factored  into  the  rating. 

There  are  several  additional  aspects  to  be  considered 
regarding  OLSOA.  The  first  consideration  is  that  OLSOA  is 
strictly  a  NONREPETITIVE  rating.  It  is  intended  to  describe 
the  survivability  of  the  transistor  during  an  accidental  over- 
load and  is  not  intended  to  describe  a  stress  level  which 
can  be  sustained  indefinitely.  The  number  of  nonrepetitive 
faults  for  which  OLSOA  is  defined  for  the  devices  are  100 
occurrences.  Another  factor  is  the  form  of  turn-off  bias. 
For  the  devices,  turn-off  bias  has  relatively  little  effect  on 
its  OLSOA  capability.  This  observation  is  valid  from  Iq2  -0 
(soft)  to  VBE(off,  =  5  V  (stiff). 

OLSOA  is  subject  to  the  same  derating  with  temperature 
as  normal  FBSOA.  The  second  breakdown  derating  curve  is 
applied  to  the  allowable  current  at  any  given  voltage,  using 
the  same  procedure  that  is  followed  with  pulsed  FBSOA 


FIGURE  20  -  THERMAL  RESPONSE 
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MOTOROLA 


PNP 


MJ11011,  MJ11013, 
MJ11015 


NPN 


MJ11012,  MJ11014, 
MJ11016 


HIGH-CURRENT  COMPLEMENTARY 
SILICON  TRANSISTORS 

...  for  use  as  output  devices  in  complementary  general  purpose 
amplifier  applications. 

•  High  DC  Current  Gain  -  hfE  =  1000  (Mil)  @  lc  =  20  Adc 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistor 

•  Junction  Temperature  to  +200°C 


30  AMPERE 

DARLINGTON 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

60-120  VOLTS 
200  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ11011 
MJ11012 

MJ11013 
MJ11014 

MJ11016 
MJ11016 

Unit 

Collector-Emitter  Voltage 

VCEO 

60 

90 

120 

Vdc 

Collector  Base  Voltage 

VCB 

60 

90 

120 

Vdc 

Emitter-Base  Voltage 

veb 

5 

Vdc 

Collector  Current 

ic 

30 

Adc 

Base  Current 

>B 

1 

Adc 

Total  Device  Dissipation  @Tc  =  25°C 
Derate  above  25°C   @  Tc  =  100°C 

?D 

200 
1.16 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-56  to  +200 

°c 

THERMAL  CHARACTERISTICS 


FIGURE  1  -DARLINGTON  CIRCUIT  SCHEMATIC 


PNP 
MJ11011 
MJ11013 
MJ1  1015 


Collector 
O 


Base  O- 


«8.0k  .40 


MJ11012 
MJ1  1014 
MJ11016 


 i 


8.0k 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R0JC 

0.87 

°C/W 

Maximum  Lead  Temperature  tor 
Soldering  Purposes  for  <  10  Seconds. 

TL 

275 

°c 

Collector 
O 


6 

Emitter 


I  I 

II 

Emitter 


rc 


STYLE  1 

PIN  1.  BASE 

2  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

ft 

39.37 

_LS5JL 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.37 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5. 59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

a 

3.81 

4.19 

0.150 

0.165 

26.67 

1.050 

u 

2.54 

3.05 

0.100 

0  120 

NOTES: 

f.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
REFERENCED  TO-3  OUTLINE  SHALL  APPLY. 
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ELECTRICAL  CHARACTERISTICS  !TC  =  25°C  u 


M»x         |  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage!  1) 
OC  =  lOOmAdc,  Iq  =  01 

MJ1 1011.MJ11012 
MJ11013.MJ11014 
MJ11015.MJ11016 

BVCEO 

60 
90 

Vdc 

Collector  Emitter  Leakage  Current 
(Vce  =  60  Vdc.  RBe  =  1  k  ohm) 
(Vce  ■  90  Vdc.  Rq£  =  1  *  ohm) 
(Vce  =  1 20  Vdc.  Rbe  =  1  *  ohm) 
(VCE  =  60  Vdc.  RBE  =  1  k  ohrn- 

TC  -  150°C) 
(Vce  1  90  Vdc.  R  BE  '  1  k  ohm- 

MJ11011.MJ11012 
MJ11013.MJ11014 
MJ11015.MJ11016 
MJ1101 1.MJ11012 

MJ11013.MJ110t4 

'CER 

1 
1 
5 

5 

mAdc 

Tc  =  150°CI 
'VCE  ■  120  Vdc.  RBE  1  1  k  ohm. 
Tq  =  150°Ct 

MJJ1015.MJ11016 

5 

Emitter  Cutoff  Current 
(VBE  =  5  Vdc.  IC  -  0) 

'e  bo 

5 

mArlc 

Collector  Emitter  Leakage  Current 
!VCE  '  50  Vdc.  I8  -  0) 

'ceo 

rnAdc 

ON  CHARACTERISTICS!!  1 

DC  Current  Gain 

(1C  =  20  Adc.  VCE  =  5  Vdc) 
llc  =  30  Adc,  VCE  =  5  Vdc) 

hf  E 

1000 
200 

Col  lector- Emitter  Saturation  Voltage 
tic  =  20  Adc.  Ig  =  200  rnAdc) 
(IC  ^  30  Adc,  lB  ■  300  rnAdc) 

vCE!sat) 

3 
4 

Vdc 

Base-Emitter  Saturation  Voltage 
IC  =  20  Adc,  lB  ■  200  rnAdc) 
lC  =  30  Adc.  IB  =  300  rnAdc) 

VBE!sall 

3.5 
5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Magnitude  of  Common  Emitter  Small-Signal  Short  Circuit 
Forward  Current  Transfer  Ratio 
(IC  =  10  Adc.  VCe  =  3  Vdc,  t  =  1  MHz) 

4 

MHz 

UIPulseTest    Puls«  Width     300  ms.  Duty  Cycle  *  2.0% 

FIGURE  2  —  DC  CURRENT  GAIN  (1) 


FIGURE  3  -  SMALL-SIGNAL  CURRENT  GAIN 
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FIGURE  4  -  "ON"  VOLTAGES  (II 
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FIGURE  5  -  ACTIVE  REGION  DC  SAFE  OPERATING  AREA 
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  PNP  MJ1 1011.  UJ 11013.  MJ1 1015 


IC.  COLLECTOR  CURRENT  (AMP) 
There  are  two  limitations  on  the  power  handling  ability  ol  a 
transistor:  average  junction  temperature  and  secondary  breakdown. 
Safe  operating  area  curves  indicate  lc~vCE  'imits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  e.g.,  the  transistor 


vce.  collector  emitter  voltage  ivoltsi 

must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than  the  limitations  im- 
posed by  secondary  breakdown. 


3-932 


PNP  NPN 

®MJ11017  MJ11018 

MOTOROLA  MJ11019  MJ  11020 

MJ 11021  MJ  11022 


COMPLEMENTARY  DARLINGTON 
SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  use  as  general  purpose  amplifiers,  low  frequency 
switching  and  motor  control  applications. 

•  High  dc  Current  Gain  @  10  Adc  —  hp£  =  400  Min(AII  Typesl 

•  Collector-Emitter  Sustaining  Voltage 

VCEO(sus)=  150Vdc(Min)  —  MJ11018,  17 
=  200  Vdc(Min)  — MJ1 1020,  19 
=  250  Vdc  (Min)  -  MJ1 1022,  21 

•  Low  Collector-Emitter  Saturation 

VcE(sat)  =  1 .0  V  (Typ)  @  lc  =  5.0  A 
=  1.8V(Typ)@lc=10A 

•  Monolithic  Construction 

•  1 00%  SOA  Tested  @  VCE  =  44  V,  lc  =  4.0  A,  t  =  250  ms. 


MAXIMUM  RATINGS 


Rating 

Symbol 

M.I11018 
M. 111017 

MJ11020 
MJ11019 

M J  1 1 022 
MJ11021 

Unit 

Col  lector -E  miner  Voltage 

vCEO 

150 

200 

250 

Vdc 

Col  lector- Base  Voltage 

VCB 

150 

200 

250 

Vdc 

Emitter-Base  Voltage 

Vdc 

VEB 

50 

Collector  Current  — 
Continuous  Peak 

(q 

15 
30 

Adc 

Base  Current 

iB 

0.5 

Adc 

Total  Device  Dissipation  @      =  25°C 
Derate  Above  25°C 

Pd 

175 
1.16 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  flange 

Tj 
TStfl 

-65  to +175 
-65  to  *200 

°c 
°c 

THERMAL  CHARACTERISTICS 


Characterise 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"8JC 

086 

°C/W 

11 1  Pulse  Test:  Pulse  Width  5.0  ms,  Outy  Cvcle  S  10% 


FIGURE  1  -  POWER  DERATING 
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15  AMPERE 

DARLINGTON 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

150.  200.  250  VOLTS 
175  WATTS 


  A  

-c 

■  fy||  ] 

SEATING  PLANE- 


F  

—  i  — 

!  5 

STYLE  1 

PIN  I,  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

B 

21.08 

0830 

C 

6.35 

7.62 

0.250 

0.300 

□ 

0.97 

1.09 

0038 

0.043 

E 

1.4B 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

1664 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

a 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

:  350 

n 

2.54 

3.05 

0.100 

0.120 

NOTES: 

1.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
REFERENCED  T0-3  OUTLINE  SHALL  APPLY. 
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MJ11017,  MJ11019,  MJ11021  PNP.  MJ11018,  MJ11020,  MJ11022  NPN 


ELECTRICAL  CHARACTERISTICS  {Tc  =  25°C  Unless  Otherwise  Noted) 


Characteristics 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
(lC  =  0.1  Adc,  lB  =  0|           MJ1 1017,  MJ1 1018 
MJ11019,  MJ11020 
MJ11021,  MJ11022 

VcEOtsusI 

150 
200 
250 

Vdc 

Collector  Cutoff  Current 
(VCE  =  75.  IB  =  0|               MJ11017.  MJ11018 
(VCE=  100.  IB  =  0)              MJ11019.  MJ11020 
(VCE=  125,  lB  =  0|              MJ1 1021,  MJ1 1022 

!CEO 

bob 

mAdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCB,  VBE(off)  =1.5  Vdc) 
(VCE  =  Rated  VCB.  VBE(of«  =  1 .5  Vdc.  Tj  =  1 50°C| 

ICEV 

0.5 
5.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc.  IC  =  0| 

lEBO 

2.0 

mAdc 

DC  Current  Gain 
(lC=10Adc,  VCE  =  5.0Vdc) 
(lc=15Adc.  VCE=5.0Vdc) 

hFE 

400 
100 

15,000 

Collector-Emitter  Saturation  Voltage 

vCE(sat| 

Vdc 

<IC=  10  Adc,  lB=  100  mA| 
(lc  =  1 5  Adc,  lB  =  1 50  mA| 

20 
3.4 

Base-Emitter  On  Voltage 
IC=  10  A,  VCE  =  5.0  Vdc| 

vBE(on) 

2.8 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  15  Adc,  lB  =  150  mA) 

vBE(sat) 

3.8 

Vdc 

DYNAMIC  CHARACTERISTICS 


Magnitude  of  Common  Emitter  Small  Signal  Short  Circuit 
Forward  Current  Transfer  Ratio 
(lc=  10  Adc,  VCE  =  3.0  Vdc,  f  =  1.0  MHz) 

[hfel 

3.0 

Output  Capacitance 
(VCB=  10Vdc.  lE  =  0.f  =  0.1  MHz) 

MJ1 1018,  MJ11020,  MJ11022 

Cob 

400 
600 

pF 

MJ11017,  MJ11019,  MJ11021 

Small-Signal  Current  Gain 
flC  =  1 0  Adc.  VCE  =  3.0  Vdc.  f  =  1 .0  kHz 



hfe 

1  

100 

Characteristics 

Symbol 

Typical 

Unit 

NPN 

PNP 

Delay  Time 

(VCC  =  100  V.  IC=  10  A,  lB=  100  mA 
vBE(off)  "  5.0  V|  (See  Figure  2.) 

<d 

150 

75 

ns 

Rise  Time 

tr 

1.2 

0.5 

MS 

Storage  Time 

's 

4.4 

2.7 

MS 

Fall  Time 

If 

10.0 

2.5 

MS 

(l)Pulsed  Test   Pulse  Widlh  -- 


300  mS.  Duty  Cycle  ^  2%. 

FIGURE  2  - 


SWITCHING  TIMES  TEST  CIRCUIT 


HB  &  Rc  VARIED  TO  OBTAIN  0ES1RED  CURRENT  LEVELS 
Ot,  MUST  BE  FAST  RECO VEH V  TYPES,  eg 
MBD5300  USED  ABOVE  lg  *  100  mA 
WSOS100USED  BELOW  iB  »  100  mA 

r _ 

APPRO  X  _ 

•  12V 


*4  0V 
lo>  y  ind  r,,  Oi  > 


For  NPN  test  circuit  reverse  diode  and  voltage  polarities. 
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MJ11017,  MJ11019,  MJ11021  PNP,  MJ11018,  MJ11020,  MJ11022  NPN 


FIGURE  3  -  THERMAL  RESPONSE 


FIGURE  4  —  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA  (FBSOA) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  break- 
down Safe  operating  area  curves  indicate  lc  VCE  limits  of  the 
transistor  that  must  be  observed  for  reliable  operation;  i.e., 
the  transistor  must  not  be  subjected  to  greater  dissipation 
than  the  curves  indicate. 

The  data  of  Figure  4  is  based  on  Tj(pk)  =  1 75°C;  Tc  is  vari- 
able depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  1 0%providedTj(pk)^  175°C  Tj(Pt() 
may  be  calculated  from  the  data  in  Figured.  At  high  case  tem- 
peratures, thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by 
second  breakdown. 


3  0      5.0   7.0  10.0        20.0  30.0     50.0  70.0  100    150  200 
VCE.  COLLECTOR  -  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  5  -  MAXIMUM  RBSOA,  REVERSE  BIAS 
SAFE  OPERATING  AREA 


1  1  1 

-  L  =  200  ,iH 

-  Ic/lBI  >  50 
TC  = 25°C 
VBEIoHl  0-5.0  V 
RBE  =  47  n 

uu 

le  - 

M 

Jl  10 

7.  1 

3  — 

M 

Jl  1019.  2 
J11021.  2 

]  — 

M 

2  — 

60  100  140  180  220 
VCE.  COLL  ECTOR -EMITTER  VOLTAGE  (VOLTSj 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must  be 
sustained  simultaneously  during  turn-off,  in  most  cases,  with 
the  base  to  emitter  junction  reverse  biased.  Under  these  con- 
ditions the  collector  voltage  must  be  held  to  a  safe  level  at  or 
below  a  specific  value  of  collector  current.  This  can  be  accom- 
plished by  several  means  such  as  active  clamping,  RC  snub- 
bing, load  line  shaping,  etc.  The  safe  level  for  these  devices  is 
specified  as  Reverse  Bias  Safe  Operating  Area  and  represents 
the  voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  5  gives 
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MJ11017,  MJ11019.  MJ11021  PNP,  MJ11018.  MJ11020,  MJ11022  NPN 


FIGURE  6  -  DC  CURRENT  GAIN 


0  2    0.3      0  5  0  7    l.o         2.0    3.0      5.0  7.0    10     15  20 
lc,  COLLECTOR  CURRENT  IAI 


0.2    0.3      °-5  "-collector  CURRENT  (Al   &"°     ? "  '52° 


FIGURE  7  -  COLLECTOR  SATURATION  REGION 


40 

|  3.5 

■§  3.0 
o 

S  2  5 
I 

5  20 

oc 

a 

5  15 


lC  =  5.0  A 


llC  =  '0  A 


i — r~r 

Tj  =  25°C 


0  5  0  7  1  0    2.0    3  0  5  0  7.0  10     20    30  50  70  100    200  300  500 
lB.  BASE  CURRENT  |mA| 


0.5  0.7  1.0     2.0  3.0  5.0  7.0  10      20  30    50  70  100    200  300  500 
lB.  BASE  CURRENT  |mAI 


01      0  2   0  3  0  5  0  710     2  0   3  0  5  0  7  010 
COLLECTOR  CURRENT  |AMPS) 


20    30  50  70 


0.1      0.2   0  3  0.6  0  71.0    2  0    3.0  5  0  7  0  10      20    30  50 
COLLECTOR  CURRENT  (AMPSI 


MJ11028  MJ11029 

(g)  motorola  MJU030  MJ11031 


MJ11032  MJU033 


HIGH-CURRENT  COMPLEMENTARY 
SILICON  TRANSISTORS 

...  for  use  as  output  devices  in  complementary  general  purpose 
amplifier  applications. 

•  High  DC  Current  Gain  -  hpE  *  1000  (Min)  @  Iq  =  25  Adc 

hFE  •  400  (Min)  <°>  lc  =  50  Adc 

•  Curves  to  100  A  (Pulsed) 

•  Diode  Protection  to  Rated  lc 

•  Monolithic  Construction  with  Built-in  Base-Emitter  Shunt  Resistor 

•  Junction  Temperature  to  +200°C 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ  11028 
MJ11029 

MJ11030 
MJ11031 

MJ 11032 
MJ11033 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

90 

120 

Vdc 

Collector-Base  Voltage 

VCB 

60 

90 

120 

Vdc 

Emitter-Base  Voltage 

VEB 

5 

Vdc 

Collector  Current-Continuous 
Peak 

•c 

ICM 

50 
100 

Adc 

Base  Current-Continuous 

IB 

2 

Adc 

Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C  @>  Tc  =  100°C 

PD 

300 
1.71 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-55  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Maximum  Lead  Temperature  for 

Soldering  Purposes  for  «s  10  seconds 

275 

°C 

Thermal  Resistance  Junction  to  Case 

R«JC 

0.584 

°C 

FIGURE  1  -  DARLINGTON  CIRCUIT  SCHEMATIC 


PNP 
MJ11029 
MJ 1 1031 
MJ  1  1  033 


Collector 
O 


Base  O— 


*  3.0  k  *  ?5 
-W\  I  WV- 


NPN 
MJ11028 
MJ11030 
MJ11032 


Collector 
o 


Base  O— 


I  »  3.0  k 
I  ' — Wv— 


6 

Emitter 


50  AMPERE 

COMPLEMENTARY  SILICON 
DARLINGTON 
POWER  TRANSISTOR 

60-120  VOLTS 
300  WATTS 


STYLE  1: 
PIN  1.  BASE 

2  EMITTER 
CASE.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.3! 

1.510 

1.550 

B 

1930 

21.08 

0.760 

0.830 

C 

La 

7.62 

0.250 

0  300 

D 

1  45 

1.80 

0.057 

0.063 

E 

3.4! 

0.135 

29.90 

30.40 

1.177 

1  1 97 

u 
■  ■ 

S3 

lit'lBWlT^HT:  1 

IH'.IltAll«'I:IlHli1 

iJlILIuujI'L1-JIs\:-I 
■iTiitiiiiniii 

>;»;:l»;.T.rl«.>MiKI'.M 

CASE  197-01 

(TO-3  Except  Pin  diameter) 
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MJ11028,  MJ11030,  MJ11032NPIM/  MJ11029,  MJ11031,  MJ11033  PNP 


ELECTRICAL  CHARACTERISTICS  ITC  -  2S°C  unless  otherwise  noted  ! 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage  (1) 
(lc  -  100  mAdc,  lB  =0) 

MJ11028  MJ11029 
MJ11030  MJ11031 
MJ11032  MJ11033 

BVCE0 

60 
90 
120 

Vdc 

Collector. Emitter  Leakage  Current 
(VCE-60Vdc,  Rbe-1  *°hm> 
(VCE  =  90  Vdc,  Rbe  =  U  ohml 
1VCE  -  120  Vdc,  RBE  -  1  k  ohml 
(VCE  -  60  Vdc,  RBE  -  1  k  ohm,  Tc  ■  150°CI 
IVCE  =90  Vdc,  RBE  =  1  k  ohm,Tc  =  150oC) 
IVCE  -  120  Vdc,  RBE  =  1  k  ohm.Tc  =  150°C) 

MJ11028  MJT1029 
MJ11030  MJT1031 
MJ11032  MJ11033 
MJ11028  MJ11029 
MJ11030  MJ11031 
MJ11032  MJ11033 

'CER 

2 
2 
2 
10 
10 
10 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5Vdc,  lc=0) 

Iebo 

5 

mAdc 

Collector-Emitter  Leakage  Current 
(VCE-50Vdc,  lB=0l 

'CEO 

2 

mAdc 

ON  CHARACTERISTICS  ID 

DC  Current  Gain 

lie  -  25  Adc,  VCE  -  5  Vdc) 
{Iq  =  50  Adc,  Vce  *  5  Vdc) 


"FE 


1  k 
400 


Collector-Emitter  Saturation  Voltage 
(lc  "  25  Adc.  IB  =  250  mAdc) 
(IC  -  50  Adc,  Iq  =  500  mAdc) 


vCE(sat) 


2.5 
3.5 


Base-Emitter  Saturation  Voltage 
(lc  "  25  Adc.  IB  s  200  mAdc) 
llc  -  50  Adc.  IB  =  300  mAdc) 


vBE(sat) 


7^- 


3.0 
4.5 


(11  Pulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  s; 

FIGURE  2  —  DC  SAFE  OPERATING  AREA 


0.5       1        2  5       10       20  50 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

FIGURE  3  —  DC  CURRENT  GAIN 


There  are  two  limitations  on  the  power -handling  ability 
of  a  transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  Ic^CE  'imits  of  the 
transistor  that  must  be  observed  for  reliable  operation,  i.e., 
the  transistor  must  not  be  subjected  to  greater  dissipation 
than  the  curves  indicate. 

The  data  of  Figure  2  is  based  on  Tjfp^)  =  200°C;  Tq  is 
variable  depending  on  conditions.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled 
to  values  less  than  the  limitations  imposed  by  second  break- 
down. 


FIGURE  4  -  "ON"  VOLTAGE 
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MOTOROLA 


Designers  Data  Sheet 





HORIZONTAL  DEFLECTION  TRANSISTOR 

. . .  specifically  designed  for  use  in 
circuits. 

•  Collector-Emitter  Voltage  — 

VCEX  "  1500  Volts 

•  Glassivated  Base-Collector  Junction 

•  Forward  Bias  Safe  Operating  Area  @  50  us  =  1 5  A,  300  V 

•  Switching  Times  with  Inductive  Loads  - 

tf  =  0.65  us  (Typ)  @  lc  =  2.0  A 






MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEOlsus' 

750 

Vdc 

 _  

Collector-Emitter  Voltage 

VCEX 

1500 

Vdc 

Emitter-Base  Voltage 

VEBO 

5.0 

Vdc 

Collector  Current  —  Continuous 

>C 

2.5 

Adc 

Base  Current  —  Continuous 

>B 

2.0 

Adc 

Emitter  Current  -  Continuous 

»E 

4.5 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
@TC  =  100°C 

Derate  above  25°C 

pq 

76 
30 

Watts 
Watts 
W/°C 

0.6 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

1.67 

°C/W 

Maximum  Lead  Temperature  for  Soldering 

*i 

275 

°C 

Purposes:  1/8"  from  Case  for  5  Seconds 

2.5  AMPERE 
NPN  SILICON 
POWER  TRANSISTOR 

1500  VOLTS 
75  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  —  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 








NOTES 

I.  DIMENSIONS  0  AND  V  ARE  DATUMS. 

2  [TJ  IS  SEATING  PLANE  AND  OATOM. 

3  POSITIONAL  TOLERANCE  FOR 
MOONTING  HOLE  0  

|   »  |  »I3HC«KI©  |  T  |V©1 

FOR  LEADS:  

|  ♦  |  >.I3IMIKI®T  |  VQ|  0Ql 

4  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  YI4.S,  1973. 


PIN  l  BASE 

1  EMITTER 
CASE  C0LLECT0 


am 

MILLIMETERS 

INCHES 

MIN 

MAX 

Mir, 

MM 

H 

39.37 

I  5SD 

1 

21.08 

I  HI 

c 

6.35 

7.82 

o.;5u 

li  100 

D 

0  i? 

1.09 

u  ax 

i.i;-. 

E 

MO 

1.78 

ii 

liM/fi 

F 

30.15  8SC 

i  1a 

BSC 

G 

10  92  BSC 

QA1 

BSC 

H 

5  a6  BSC 

D  71 

51:: 

J 

1£  93  3S: 

USE 

BSC 

1 

11  18 

12  13 

QUO 

LMaa 

B 

3.81 

4  19 

C  1  5u 

.  Uji 

R 

7h 

1.050 

U 

4.83 

5.33 

0.190 

a  210 

V 

381 

4.19 

UH.5 
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ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted)  

Characteristic  |         Symbol        |  Min  Typ  Mix  |       Unit  ] 


OFF  CHARACTERISTICS  (II 


Collector-Emitter  Sustaining  Voltage 
(IC  -  50  mArJc,  lB  =  01 

VcEO(sus) 

750 

Vdc 

Collector  Cutoff  Current 

(VCE-1500Vdc.  VBE-0) 

■CES 

1.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc,  lc  -  01 

!EBO 

0.1 

mAdc 

ON  CHARACTERISTICS  (1) 

Collector-Emitter  Saturation  Voltage 
(lc-2.0  Adc,1B-  1.8  Adc) 

VcE(sat) 

■  

5.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc=  2.0  Adc.  IB  -  1.8  Adc) 

VBE(sat) 

1.5 

Vdc 

Second  Breakdown  Collector  Current  with 
Base-Forward  Biased 

IS/B 

See  Figure  14 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB  =  10  Vdc.  Ig  -  0.  f  -  0.1  MHzl 

Cob 

SO 

pF 

Current  Gain  —  Bandwidth  Product  11) 

(lc  -  0-1  At*.  VCE  "  5.0  Vdc.  fteJ,  -  1 .0  MHz) 

<T 

4.0 

MHz 

SWITCHING  CHARACTERISTICS 


Fall  Time 

<f 

MS 

llC  =  2.0  Adc.  IB1  -1.0  Adc, 

0.65 

1.0 

LB=12nH,  See  Figure!) 

ID  Pulse  Test:  Pulse  Width  <  300  Ms,  Duty  Cycle  -  2%. 


FIGURE  1  -  TEST  CIRCUIT 


Common 
2500  p 
5.0  W 


Width 
A*  ?1.0k 


ic 

L 

C 

0.75  A 

4.25  mH 

.003  mF 

1.5 

2.18  mH 

.006  mF 

2.0 

1.6  mH 

.008  mF 

DRIVER  TRANSFORMER  (T1> 

Motorola  part  number  25D68782A-05-1/4"  laminate  "E"  iron 
core.  Primary  Inductance  -  39  mH.  Secondary  Inductance  —  22  mH, 
Leakage  Inductance  with  primary  shorted  —  2.0  fiH,  Primary  260 
turni  #28  AWG  enamel  wire,  Secondary  17  tumi,  #22  AWG 
enamel  wire. 
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BASE  DRIVE:  The  Key  to  Performance 


By  now,  the  concept  of  controlling  the  shape  of  the 
turn-off  base  current  is  widely  accepted  and  applied  in 
horizontal  deflection  design.  The  problem  stems  from  the 
fact  that  good  saturation  of  the  output  device,  prior  to 
turn-off,  must  be  assured.  This  is  accomplished  by  pro- 
viding more  than  enough  Igi  to  satisfy  the  lowest  gain 
output  device  hFE  at  the  end  of  scan  Iqm-  Worst  case 
component  variations  and  maximum  high  voltage  loading 
must  also  be  taken  into  account. 

If  the  base  of  the  output  transistor  is  driven  by  a  very 
low  impedance  source,  the  turn-off  base  current  will  re- 
verse very  quickly  as  shown  in  Figure  2.  This  results  in 
rapid,  but  only  partial,  collector  turn-off,  because  excess 
carriers  become  trapped  in  the  high  resistivity  collector 
and  the  transistor  is  still  conductive.  This  is  a  high  dissipa- 
tion mode,  since  the  collector  voltage  is  rising  very  rapidly. 
The  problem  is  overcome  by  adding  inductance  to  the 
base  circuit  to  slow  the  base  current  reversal  as  shown  in 
Figure  3,  thus  allowing  excess  carrier  recombination  in  the 
collector  to  occur  while  the  base  current  is  still  flowing. 

Choosing  the  right  Lg  is  usually  done  empirically,  since 
the  equivalent  circuit  is  complex,  and  since  there  are 
several  important  variables  Ocm.  'B1.  ana"  nFE  at  'CIvO- 
One  method  is  to  plot  fall  time  as  a  function  of  Lg,  at  the 
desired  conditions,  for  several  devices  within  the  hpE 
specification.  A  more  informative  method  is  to  plot  power 
dissipation  versus  Igi  for  a  range  of  values  of  Lg  as  shown 


in  Figures  4  and  5.  This  shows  the  parameter  that  really 
matters,  dissipation,  whether  causey1  by  switching  or  by 
saturation.  The  negative  slope  of  these  curves  at  the  left 
(low  lg-|)  is  caused  by  saturation  losses.  The  positive 
slope  portion  at  higher  Igi ,  and  low  values  of  Lg  is  due  to 
switching  losses  as  described  above.  Note  that  for  very  low 
Lg  a  very  narrow  optimum  is  obtained.  This  occurs  when 
1 8 1  nFE  =  'CM.  and  therefore  would  be  acceptable  only 
for  the  "typical"  device  with  constant  IcM-  As  Lg  is  in- 
creased, the  curves  become  broader  and  flatter  above  the 
'B1  nFE  =  'CM  point  as  the  turn-off  "tails"  are  brought 
under  control.  Eventually,  if  Lg  is  raised  too  far,  the 
dissipation  all  across  the  curve  will  rise,  due  to  poor 
initiation  of  switching  rather  than  tailing.  Plotting  this 
type  of  curve  family  for  devices  of  different  hpE.  essen- 
tially moves  the  curves  to  the  left  or  right  according  to  the 
relation  Igi  hFE  =  constant.  It  then  becomes  obvious 
that,  for  a  specified  Icm.  an  Lg  can  be  chosen  which  will 
give  low  dissipation  over  a  range  of  hpE  and/or  Igi.The 
only  remaining  decision  is  to  pick  Igi  high  enough  to 
accommodate  the  lowest  hppj  part  specified.  Figure  8 
gives  values  recommended  for  Lg  and  Igi  for  this  device 
over  a  wide  range  of  IcM-  These  values  were  chosen  from 
a  large  number  of  curves  like  Figure  4  and  Figure  5. 
Neither  Lg  nor  Ig-j  are  absolutely  critical,  as  can  be  seen 
from  the  examples  shown,  and  values  of  Figure  8  are  pro- 
vided for  guidance  only. 


FIGURE  2 


TEST  CIRCUIT  WAVEFORMS 


FIGURE  3 


TEST  CIRCUIT  OPTIMIZATION 


The  test  circuit  may  be  used  to  evaluate  devices  in  the  con- 
ventional manner,  i.e.,  to  measure  fall  time,  storage  time,  and 
saturation  voltage.  However,  this  circuit  was  designed  to  evaluate 
devices  by  a  simple  criterion,  power  supply  input.  Excessive 
power  input  can  be  caused  by  a  variety  of  problems,  but  it  is  the 
dissipation  in  the  transistor  that  is  of  fundamental  Importance. 


Once  the  required  transistor  operating  current  Is  determined, 
fixed  circuit  values  m8y  be  selected  from  the  table.  Factory  test- 
ing is  performed  by  reading  the  current  meter  only,  since  the 
inplut  power  is  proportional  to  current.  No  adjustment  of  the 
test  apparatus  is  required. 


3-941 


MJ12002 


3-942 


MJ12002 


FIGURE  10  —  THERMAL 


FIGURE  11  —  COLLECTOR  SATURATION  REGION 


FIGURE  12  -  DC  CURRENT  GAIN 
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IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  13  -  "ON"  VOLTAGES 


FIGURE  14  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


0.4     0.5  0.7  1.0  2.0  2.5 

IC.  COLLECTOR  CURRENT  (AMP) 


20     30       50  100         200    300  500 

VCE.  COL  LECTOR  EMITTER  VOLTAGE  (VOLTS) 


NOTE: 

There  are  two  limitations  on  the  power  handling  ability  of  a  transistor:  average  junction  temperature  and  second  breakdown.  Safe  operating 
area  curves  indicate  )c  —  Vqe  limits  of  the  transistor  that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  50  fis  SB  curve  is  beyond  the  thermal  limits  of  this  part.  However,  the  parts  will  survive  a  transient  that  remains  within  these  SB  limits 
without  failing. 
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HORIZONTAL  DEFLECTION  TRANSISTOR 

.  .  .  specifically  designed  for  use  in  CRT  deflection  circuits. 

•  Collector-Emitter  Voltage  -  Vqex  =  1500  Vol's 

•  Glassivated  Base-Collector  Junction 

•  Forward  Bias  Safe  Operating  Area  @  50  us  =  20  A,  300  V 

•  Switching  Times  with  Inductive  Loads  — 

tf  ■  0.5  us  (Typ)  @  lc  =  3.0  A 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

750 

Vdc 

Collector-Emitter  Voltage 

VCEX 

1500 

Vdc 

Emitter-Base  Voltage 

vEBO 

5.0 

Vdc 

Collector-Current  —  Continuous 

ic 

4  0 

Adc 

8ase  Current  -  Continuous 

Ib 

3.0 

Adc 

Emitter  Current  —  Continuous 

Ie 

7  0 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
TC  ■  100°C 

Derate  above  25°C 

Pd 

100 
40 

0.8 

Watts 
Watts 
W/°C 

Operating  and  Storage  Junction  Temperature  Range 

Tj.  Tstg 

-66  to  +150 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R'UC 

1  25 

°C'W 

Maximum  Lead  Temperature  for  Soldering  Purposes 
1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

FIGURE  1  —  TEST  CIRCUIT 

FIGURE  1  -  SWITCHING  TIMES  TEST  CIRCUIT 


""WW 


IBOO  0. 005 

■Ttut  *— 


220 
^470  pf 


4  AMPERE 

NPN  SILICON 
POWER  TRANSISTOR 

1500  VOLTS 
100  WATTS 





STYLE  1: 
PIN  1.  BASE 

2.  EMITTER 
CASE-COLLECTOR 


Com  .125 V 

DRIVER  TRANSFORMER  (Til 

Motorola  pin  nymlw  26DM7B2A-06-1/4"  laminmo  "E"  iron  cor.. 

3»  mM.  SKonom  inducunct  -  0  23  mM. 
N  primary  *hortod  -  2.0    itH.    rVimory  260 


NOTES: 

1.  DIMENSIONS  Q  AND  V  ARE  DATUM'S. 

2.  GlD  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0: 

|   »  |  1.13  (0.005)©  [  T  |  V©  | 

FOR  LEADS:  

1   +  [  ».13  10.0051©  T  j  V®  |  Q©[ 

4.  DIMENSIONS  AMD  TOLERANCES  PER 
ANSI  VU.5,  1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

097 

1.09 

0038 

0.043 

E 

1.40 

1.78 

0055 

0.070 

F 

30.15  BSC 

1.187  BSC 

G 

10.92  BSC 

0-130  BSC 

H 

5.46  BSC 

0.215  BSC 

J 

16.8 

BSC 

0.665  BSC 

K 

11.18 

12.19 

0  440 

0.480 

0 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

u 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4,19 

0.150 

0.165 
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ELECTRICAL  CHARACTERISTICS  ITC  =  25°C  unless  otherwise  noted] 


I  Tv  I 


Characteristic 


I 


OFF  CHARACTERISTICS  (II 


Collector-Emitter  Sustaining  Voltage 
[lc«  SOmAdc.  IB  -  01 

VcEOIsusI 

750 

Vdc 

Collector  Cutoff  Current 

(VCE  -  1500  Vdc.  VBE  -  01 

1.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc.  IC  =  0] 

!EBO 

_ 

1.0 

mAdc 

Collector-Emitter  Saturation  Voltage 
llc-3.0  Adc,  l8  =  1.2  Add 

vCE(sat) 

5.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  3.0  Adc.  IB-1.2  Add 

VflElsatl 

1.5 

Vdc 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

ls/b 

See  Figure  5 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product 

He  =  0.1  Adc,  Vce  =  5.0  Vdc,  ftest  "  1  0  MHz) 

«T 

4 

MHz 

Output  Capacitance 

(VCB  «  10  Vdc,  lE  =  0,  f  -  0.1  MHzl 

Cob 

90 

pF 

SWITCHING  CHARACTERISTICS 

Fall  Time 

He  =  3  0  Adc,  I b  1  "  '  2  Adc,  LB  =  8.0  uH,  See  Figure  11 

tf 

0.5 

1  .0 

MS 

(1)  Pulse  Test:  Pulse  Width  <  300  us,  Duty  Cycle  =  2%. 
FIGURE  2  —  DC  CURRENT  GAIN 


FIGURE  3  -  COLLECTOR  SATURATION  REGION 


rm — 

Tj-  100°C 


VCE.5V 


3 


0.1  0.2     0.3        0  5  1  0 

lC.  COLLECTOR  CURRENT  (AMP) 

FIGURE  4  -  "ON"  VOLTAGES 
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0.04   0.06      0.1  0.2     0.3       0.5  1.0 

lc,  COLLECTOR  CURRENT  (AMP) 

FIGURE  5  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


2.0  4.0 


0.04    0.06      0  1  0.2  0.4      0  6        1  0 

iC,  COLLECTOR  CURRENT  (AMP) 


1.0       2  0  5  0       10        20  50      100  200 

VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTSI 

NOTE. 

There  are  two  limitations  on  the  power  handling  ability  of  a  transistor:  average  junction  u 
ture  and  second  breakdown.  Safe  operating  area  curves  indicate  lc  -  VCE  limits  of  the  transistor 
that  most  be  observed  for  reliable  operation;  i.e..  the  iransistor  must  not  be  subjected  to  greater 
dissipation  than  the  curves  indicate. 

The  50  ta  and  1  ms  curves  are  beyond  the  thermal  limits  of  this  part.  However,  the  parts  will 
survive  a  transient  that  remains  within  these  SB  limits  without  failing. 
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e?s|{gfiie-i*s  Data  Sheet 


- 


— 


HORIZONTAL  DEFLECTION  TRANSISTOR 


.  .  .  specifically  designed  for  use  in  large  screen  color  deflection 
circuits.  I  


•  Collector-Emitter  Voltage  -  VCEX  =  1500  Vdc 

•  Glassivated  Base-Collector  Junction 

•  Safe  Operating  Area  @  50  jus  =  20  A,  400  V 

•  Switching  Times  with  Inductive  Loads  - 

tf  =  0.4  MS  (Typ)  <9>  lc  =  4.5  A 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ12004 
MJH12004 

Unit 

Collector-Emitter  Voltage 

vCEOIsusl 

7S0 

Vdc 

Collector-Emitter  Voltage 

VCEX 

1500 

Vdc 

Emitter  Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  —  Continuous 

ic 

5.0 

Adc 

Base  Current  -  Continuous 

>B 

4.0 

Adc 

Emitter  Current  —  Continuous 

IE 

9.0 

Adc 

Total  Power  Dissipation  19  Tc  -  25°C 
19  Tg  -  100°C 

Derate  above  25°C 

PD 

100 
40 

0.8 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.T«g 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R«JC 

1.25 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

tL 

275 

°c 

Designer's  Data  for  "Worst 

The  Designer's  Data  Sheet  permits  the  design  of  most  circuits  entirely  from  the 
information  presented-  Limit  data  —  representing  device  characteristics  boundaries  —  are 
given  to  facilitate  "worst  case"  design. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAN 

MIN 

MAX 

A 

39  3' 

1  550 

3 

1 1  OH 

0  fi  :  1 

C 

6  35 

1 6: 

0  ?5C 

0  30C 

D 

■: 

109 

0  043 

I 

i  »o 

1  71 

0  055 

0  070 

f 

30  15  BSC 

1  18?  BSC 

r  G 

TO  9?  BSC 

0  430  BSC 

S  46  6Sv 

0  J15  BSC 

J 

1 E  89  BSC 

111.6'.  BSC 

K 

11  IB 

U  19 

0  140 

0  4BO 

0 

391 

4  19 

0  1  5C 

0  165 

R 

JSc.' 

1  050 

U 

4  83 

S33 

1  !50 

0?U! 

3  Bi 

4  IS 

:  150 

o  m 

PIN  I  BASf 

2  EMITTER 
CASE  COLLECTOR 


I    DIMENSIONS  Q  ANO  V  ARE  0ATUMS 

;  m  is  seating  plane  anp  datum 
3  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0 


[HE 


FOR  LEADS 

I  ♦  ||iJim»»0t  |  vQ|  o®1 


CASE  1-05 
TO-204AA 
(Formerly  TO-3) 


MJH12004 


>  BASE 

J  COLLECTOR 

3  EMITTER 

i  COLLECTOR 


CASE  340-01 
TO-218AC 
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ELECTRICAL  CHARACTERISTICS   <TC  =  25°  unless  otherwise  noted.l 

Characteristic 

Symbol 

Min 

TyP 

M.„ 

Uni, 

OFF  CHARACTERISTICS  (11 

Collector  Emitter  Sustaining  Voltage 
dC  -  50  mAdc,  Ib  =01 

VcEOIsusI 

750 

Vdc 

Collector  Cutoff  Current 

(VCE«  1500  Vdc.  VBE-0> 

'CES 

1X1 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5j0  Vdc.  Ic  -01 

'EBO 

1X1 

mAdc 

ON  CHARACTERISTICS  (11 

Collector-Emitter  Saturation  Voltage 
(lc  -45  Adc.  IB  -  13  Add 
(lc-3SAdc.  lB-1.5Add 

vCE(satl 

5.0 
5.0 

Vdc 

Base  Emitter  Saturation  Voltage 
(IC  -  4.5  Adc.  IB  -  1  B  Add 
(lc  -3.5  Adc.  IB  -  1.5  Add 

vBE(sat) 

1.6 
1.6 

Vdc 

Second  Breakdown  Collector  Current  with  Base 
Forward  Biased 

ls/b 

See  Figure  14 

DYNAMIC  CHARACTERISTICS 

Current -Gain  -  Bandwidth  Product 

(lc  -  0.1  Adc.  VCE  "  5.0  Vdc.  ftest  -  1  MHz) 

<T 

4 

MHz 

Output  Capacitance 

,VCB  "  10  vdc'  'E  "     '  =  01  MHzl 

Cob 

125 

pF 

SWITCHING  CHARACTERISTICS 

Fall  Time                                      Tc  -  25°C 
(lc  =  4.5Adc.  IBI  -IS  Adc.        Tc  -  100°C 
LB  -  8.0  iiH.  See  Figure  11 

tf 

0.4 
0.6 

1.0 

US 

(1 1  Pulse  Test:  Pulse  Width  <  300      Duty  Cycle  -  2%. 

Pulta  Width  Adj 
50%  Duty  Cycle 


SWITCHING  TIMES  TEST  CIRCUIT 


-z- 


MPI918 
(Selected  ~£ 
1600  VI 


10  UF 
ISO  V 

to  n 

6 


"i 


'c 

A 

L 
mH 

C 
«F 

3.5 

0.87 

0.013 

4.5 

0.67 

0.017 

Com  -t125  V 
DRIVER  TRANSFORMER  (Til 

Motorola  part  number  25D68782A -051/4"  laminate  "E"  iron  core. 
Primary  Inductance  -  39  mH,  Secondary  Inductance  —  0.22  mH, 
Leakage  Inductance  with  primary  shorted  —  2.0  IiH.  Primary  260 
turns.  #28  AWG  enamel  wire,  Secondery  17  turns,  #22  AWG 
enamel  wire. 
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BASE  DRIVE:  The  Key  to  Performance 

By  now,  the  concept  of  controlling  the  shape  of  the 
turn-off  base  current  is  widely  accepted  and  applied  in 
horizontal  deflection  design.  The  problem  stems  from 
the  fact  that  good  saturation  of  the  output  device,  prior 
to  turn-off,  must  be  assured.  This  is  accomplished  by 
providing  more  than  enough  lg1  to  satisfy  the  lowest  gain 
output  device  hpr;  at  the  end  of  scan  lCM.  Worst-case 
component  variations  and  maximum  high  voltage  loading 
must  also  be  taken  into  account. 

If  the  base  of  the  output  transistor  is  driven  by  a  very 
low  impedance  source,  the  turn-off  base  current  will  re- 
verse very  quickly  as  shown  in  Figure  2.  This  results  in 
rapid,  but  only  partial,  collector  turn-off,  because  excess 
carriers  become  trapped  in  the  high  resistivity  collector 
and  the  transistor  is  still  conductive.  This  is  a  high  dissipa- 
tion mode, since  the  collector  voltage  is  rising  very  rapidly. 
The  problem  is  overcome  by  adding  inductance  to  the 
base  circuit  to  slow  the  base  current  reversal  as  shown  in 
Figure  3,  thus  allowing  excess  carrier  recombination  in  the 
collector  to  occur  while  the  base  current  is  still  flowing. 

Choosing  the  right  Lg  is  usually  done  empirically,  since 
the  equivalent  circuit  is  complex,  and  since  there  are 
several  important  variables  UcM'  'b1-  ana"  nFE  at  'CM^- 
One  method  is  to  plot  fall  time  as  a  function  of  Lg,  at  the 
desired  conditions,  for  several  devices  within  the  hpp_ 
specification.  A  more  informative  method  is  to  plot  power 
dissipation  versus  lg-|  for  a  range  of  values  of  Lg  as  shown 


in  Figures  4  and  5.  This  shows  the  parameter  that  really 
matters,  dissipation,  whether  caused  by  switching  or  by 
saturation.  The  negative  slope  of  these  curves  at  the  left 
(low  Iq-j)  is  caused  by  saturation  losses.  The  positive  slope 
portion  at  higher  lg^,  and  low  values  of  Lg  is  due  to 
switching  losses  as  described  above.  Note  that  for  very  low 
Lg  a  very  narrow  optimum  is  obtained.  This  occurs  when 
'b1  nFE  =  'CM-  an(*  tneref°re  would  be  acceptable  only 
for  the  "typical"  device  with  constant  \q^.  As  Lg  is  in- 
creased, the  curves  become  broader  and  flatter  above  the 
'bi  nFE  =  'CM  P°'nt  as  lne  turn-off  "tails"  are  brought 
under  control.  Eventually,  if  Lg  is  raised  too  far,  the 
dissipation  all  across  the  curve  will  rise,  due  to  poor 
initiation  of  switching  rather  than  tailing.  Plotting  this 
type  of  curve  family  for  devices  of  different  hpc:,  essen- 
tially moves  the  curves  to  the  left  or  right  according  to  the 
relation  lB1  hpc:  =  constant.  It  then  becomes  obvious 
that,  for  a  specified  \q^.  an  Lg  can  be  chosen  which  will 
give  low  dissipation  over  a  range  of  hpp_  and/or  lg-|.  The 
only  remaining  decision  is  to  pick  Igj  high  enough  to 
accommodate  the  lowest  hpc:  part  specified.  Figure  8 
gives  values  recommended  for  Lg  and  lg^  for  this  device 
over  a  wide  range  of  I civi-  These  values  were  chosen  from 
a  large  number  of  curves  like  Figure  4  and  Figure  5. 
Neither  Lg  nor  Igj  are  absolutely  critical,  as  can  be  seen 
from  the  examples  shown,  and  values  of  Figure  8  are 
provided  for  guidance  only. 


TEST  CIRCUIT  WAVEFORMS 
FIGURE  2  FIGURE  3 


(time) 

TEST  CIRCUIT 

The  test  circuit  may  be  used  to  evaluate  devices  in  the  con- 
ventional manner,  i.e.,  to  measure  fall  time,  storage  time,  and 
saturation  voltage.  However,  this  circuit  was  designed  to  evaluate 
devices  bv  a  simple  criterion,  power  supply  input.  Excessive 
power  input  can  be  caused  bv  a  variety  of  problems,  but  it  is  the 
dissipation  in  the  transistor  that  is  of  fundamental  importance. 


(time) 

OPTIMIZATION 

Once  the  required  transistor  operatino  current  is  determined, 
fixed  circuit  values  may  be  selected  from  the  table.  Factory  test- 
ing is  performed  by  reading  the  current  meter  onty,  since  the 
input  power  is  proportionel  to  current.  No  adjustment  of  the 
test  apparatus  is  required. 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  10  -  DC  CURRENT  GAIN 
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FIGURE  12  -  COLLECTOR  SATURATION  REGION 


SAFE  OPERATING  AREA  INFORMATION 


FIGURE  1 1  -  MAXIMUM  RATED  FORWARD 
BIAS  SAFE  OPERATING  AREA 


TC  =  25°C 

 Bonding  Wire  Limit 

—  —  Thermal  Limit 

Second  Breakdown  Limit 


i  i  i  i  inn  tt-t 


10  10  100 

VC£,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


NOTE: 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q — Vqe 
limits  of  the  transistor  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  50  SB  curve  is  beyond  the  thermal  limits  of  this 
part.  However,  the  parts  will  survive  a  transient  that 
remains  within  these  SB  limits  without  failing. 


FIGURE  13  —  "ON"  VOLTAGES 
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THERMAL  RESPONSE 


■ 


FIGURE  14  -  MJ12004 
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FIGURE  15  -  MJH12004 
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HORIZONTAL  DEFLECTION  TRANSISTOR 


.  .  .  specifically  designed  for  use  in  deflection  circuits. 

•  VcEX  =  1500  V 

•  Glassivated  Base-Collector  Junction 


•  Safe 


Operating  Area  @  50  /js  =  20  A,  400  \ 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEX 

1500 

Vdc 

Emitter-Base  Voltage 

5.0 

Vdc 

Collector  Current  —  Continuous 

ic 

8.0 

Adc 

Base  Currenr  —  Continuous 

'B 

4  0 

Adc 

Emitter  Current  —  Continuous 

IE 

12 

Adc 

Total  Power  Dissipation  <a>  Tc  =  25°C 

Pd 

100 

Watts 

Derate  above  25°C 

0.8 

W/°C 

Operating  and  Storage  Junction 

TJ.  Tstg 

-65  to  + 150 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Maximum  Lead  Temperature  for 
Soldering  Purposes:  1/8"  from 
Case  for  5  Seconds 


°C/W 
5? 


FIGURE  1  -  MAXIMUM  FORWARD  BIAS  SAFE  OPERATING  AREA 


=  BONDING  WIRE  LIMIT 

 THERMALLY  LIMITED  P  Tc  -  25°C  - 

 SECOND  BREAKDOWN  LIMIT 


10 


20      30    40  50  I  DO  500  1000 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IV0LTS) 


8  AMPERE 

NPN  SILICON 
POWER  TRANSISTOR 

1500  VOLTS 
100  WATTS 


NOTES: 

t.  DIMENSIONS  Q  AND  V  ARE  DATUMS. 

2.  GD  IS  SEATING  PLANE  AND  0ATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0: 

|   ♦  |  1.13(0.0051©  |  T  |v©  | 

FOR  LEADS:  

|  ♦  |  >.I3(0.005)®T  |  v©|  a©  | 

4.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  Y14.5.  1973. 


STYLE  I 

PIN  t.  BASE 
2  EMITTER 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.650 

B 

21.08 

0.830 

C 

6.35 

7,62 

0.250 

0,300 

D 

0.97 

1.09 

0  "38 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15  BSC 

1.187  BSC 

G 

10.92  BSC 

0.430  BSC 

H 

5.4B  BSC 

0.215  BSC 

J 

16  89  BSC 

0  665  BSC 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1.050 

U 

4.83 

5.33 

0190 

0  210 

V 

3.81 

4.19 

0.150 

0.165 

3-952 


MJ 12005 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted) 


|     Min     |  Typ 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
(Vc  =  50mAdc,  lB  =01 

vCEOsus) 

750 

Vdc 

Collector  Cutoff  Current 

( VCE  «  1 500  Vdc,  Vbe  =  0) 

'CES 

0.25 

mAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc,  lc  =  01 

'EBO 

0.1 

mAdc 

ON  CHARACTERISTICS  (1) 

Collector-Emitter  Saturation  Voltage 
llc  -  5.0  Adc,  lB  -  1.0  Add 

vCE(satl 

5.0 

Vdc 

Base  Emitter  Saturation  Voltage 
llc  -  5.0  Adc,  lB  =  1 .0  Adc) 

vBEIsat) 

1.5 

Vdc 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  1 

SWITCHING  CHARACTERISTICS 

Fall  Time 

(lc  =  5.0  Adc,  I B i  -  1 .0  Adc,  LB  -  8.0  nH) 

«f 

0  4 

1.0 

fs 

1 1 1  Pulse  Test :  Pulse  Width  e  300  us.  Duty  Cycle  -  2%. 


FIGURE  2  -  DC  CURRENT  GAIN 


2.0 
01 


VCE  >  5.0  V 
.  Ti  ■  25°C 

0.3       0.5  1.0  2.0 

I c -  COLLECTOR  CURRENT  (AMPS 


Pulse  Width  Adj 
50%  Duty  Cycle 


FIGURE  3  -  SWITCHING  TIMES  TEST  CIRCUIT 


lb 

'B  Adj 


MR918 
(Selected  X 
1500  V) 


10  mf 
150  V 


>c 

A 

L 
mH 

C 
tfF 

5.0 

0.576 

0.018 

io  n< 

5  W 


6  O 

DRIVER  TRANSFORMER  (Tt|  Com  +125  V 

Motorola  part  number  25D68782  A-05-1 /4"  laminate  "E"  iron  core. 
Primary  I nductance  —  39  mH,  Secondary  Inductance  —  0.22  mH, 
Leakage  Inductance  with  primary  shorted  —  2.0  (iH.  Primary  260 
turns.  #28  AWG  enamel  wire.  Secondary  17  turns.  #22  AWG 
enamel  wire. 
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MJ12010 


MOTOROLA 


.  HORIZONTAL  DEFLECTION  TRANSISTOR 

.  .  .  specifically  designed  for  use  in  CRT  deflection  circuits. 

•  Collector-Emitter  Voltage  -  VcEX  =  950  Volts 

•  Glassivated  Base-Collector  Junction 

•  Forward  Bias  Safe  Operating  Area  @  50  us  =  30  A,  300  V 

•  Switching  Times  with  Inductive  Loads  - 

tf  =  0.5us  (Typ)@lC=5.0A 


10  AMPERE 

NPN  SILICON 
POWER  TRANSISTOR 

950  VOLTS 
100  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCE0!s..s] 

400 

Vdc 

Collector-Emitter  Voltage 

VCEX 

950 

Vdc 

Emitter-Base  Voltage 

vEBO 

5  0 

Vdc 

Collector-Current  —  Continuous 

ic 

10 

Adc 

Base  Current  —  Continuous 

'B 

5.0 

Adc 

Emitter  Current  —  Continuous 

>E 

15 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
TC  » 100°C 

Derate  above  25°C 

PD 

100 
40 

0.8 

Watts 
Watts 
W/°C 

Operating  and  Storage  Junction  Temperature  Range 

Tj.  Ts,g 

-65  to  +  1  50 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

1.25 

°C/W 

Maximum  Lead  Temperature  for  Soldering  Purposes: 
1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

STYLE t 
PIN  1.  BASE 

2.  EMITTER 
CASE-COLLECTOR 

O 


FIGURE  1  -  TEST  CIRCUIT 

♦  eov 





NOTES: 

I  DIMENSIONS  Q  AND  V  ARE  OATUMS. 

2.  GO  IS  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q: 

|  »  |  1-13  10.005)  @  |  T  [v©  | 

FOR  LEADS:  

|  ♦  |  ».13  (0.005I®T  I  V0|  0®| 

4.  DIMENSIONS  AND  TOLERANCES  PER 
ANSI  Y14.S,  1373. 


DIM 

millimeters!  inches 

MIN 

MAX  MIN 

MAX 

A 

39.37 

1.550 

B 

21. OB 

O.B30 

C 

6.35 

7.62 

0,250 

0.300 

D 

0.97 

1.09 

0  (138 

OQ'13 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.  t 

BSC 

1.187  BSC 

G 

10.92  BSC 

Q  430  BSC 

H 

5-46  BSC 

0.215  BSC 

J 

16.89  BSC 

0.665  BSC 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.81 

4.19 

0,150 

0.165 

R 

26.67 

1.050 

U 

4  83 

5.33 

0.180 

0.210 

V 

3.81 

4.19 

0.150 

0.165 

3-954 


MJ12010 


ELECTRICAL  CHARACTERISTICS  (Tc  -  2S°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Mas 

Unit 

OFF  CHARACTERISTICS  (1) 

Collector-Emitter  Sustaining  Voltage 
(lc  -  50  mAdc.  Ib  -  0) 

vCEO(sus) 

400 

Vdc 

Collector  Cutoff  Current 

(VCE-950  Vdc,  VBE=0> 

'CES 

1.0 

mAdc 

Emitter  Cutoff  Current 
IVBE  -  5.0  Vdc.  IC  -0) 

!eBO 

1.0 

mAdc 

ON  CHARACTERISTICS  (1) 

Collector-Emitter  Saturation  Voltage 
(IC  ■  S.O  Adc,  Ib  "  12  Add 

vCE(sat) 

SO 

Vdc 

Base-Emitter  Saturation  Voltage 
He  "  5.0  Adc,  Ib  -  1.2  Add 

VBE(sat) 

1.5 

Vdc 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  5 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product 

(lc  -  0.1  Adc,  VCE  -  5.0  Vdc.  ftes,  -  1 .0  MHz) 

«T 

6.0 

MHz 

Output  Capacitance 

(VCB  p  10  Vdc,  lE  =  0.  f  -  0.1  MHz) 

Cob 

150 

pF 

SWITCHING  CHARACTERISTICS 

Fall  Time 

(IC  1  5.0  Adc,  lB1  -  1.2  Adc.  LB  -  8.0  uH.  See  Figure  1) 

«f 

0.5 

1.0 

us 

(1 )  Pulse  Test:  Pulse  Width  <  300  us,  Duty  Cycle  -  2%. 

FIGURE  2  —  DC  CURRENT  GAIN 


FIGURE  3  -  COLLECTOR  SATURATION  REGION 


Tj  ■  IOO°C 

■  ' 

r — 

25°C 

■  « 

V 

CE 

.0  v 

i 

— 

N 

.  

— 

s 

0.1  0.2     0.3      0.5   0.7    1.0  20  3.0 

IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  4  -  "ON"  VOLTAGES 


0.01     0  02       0.05    0  1      0  2         0-5      10      2.0         5  0 
lB.  BASE  CURRENT  IAMPI 


FIGURE  5  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


0.1  0.2  0.4     0  6  10 

IC,  COLLECTOR  CURRENT  (AMP) 


4.0 


1.0      2.0      4.0  6  0    10       20      40  60    100      200     400  200 
VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

NOTE: 

Thtit  art  two  limitation!  on  iht  powar  handling  ability  ol  a  transistor:  average  junction  rampart- 
Ml  and  second  breakdown  Salt  optraring  area  curves  indicatt  lc  -  VCE  limiB  ol  Iht  Iranaiator 
Dial  mult  bt  observed  loi  rtiiabia  operation  i  t.,  tha  Iranaiator  mult  not  be  subpetad  lo  greater 


Tht  50  us  and  1  mt  curves  art  beyond  the  thermal  limits  ot  this  pan  However  tht  pam  will 
jrvivg  a  tranirent  ihtt  remains  within  that  SB  limits  without  lining. 
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MJ 12020 
MJ12021 
MJ 12022 


Designer's  Data  Sheet 


HIGH  PERFORMANCE  NPN 
DEFLECTION  TRANSISTORS 

These  transistors  are  designed  for  high  resolution  video  systems, 
such  as,  high  density  graphic  displays,  data  terminals,  video 
scanners  .  .  .  wherever  high  frequency  deflection  is  required. 

•  Fast  Turn-Off  Times 

•  Maximum  Storage  and  Fall  Times  Specified  at  100°C 

•  Operating  Junction  Temperature  Range  -65°C  to  +200°C 

•  High  fr  of  15  MHz 


5.0.  8.0  and  15  AMPERE 

NPN  SILICON 
DEFLECTION 
POWER  TRANSISTORS 

850  VOLTS 
125,  150»nd  176  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
"worst  case"  design. 


MAXIMUM  RATINGS 

Rating 

Symbol 

M J 1 2020  |M  J1 202 1 1 M  J 1 2022 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter  Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous 
—  Peak  (1 1 

ic 

ICM 

5.0 
10 

8.0 
16 

15 
20 

Adc 

Base  Current  —  Continuous 
—  Peak  |1| 

IB 
IBM 

4.0 
8.0 

6.0 
12 

10 
15 

Adc 

Total  Power  Dissipation 
<§>  TC  =  25°C 
@TC=  10O°C 
Derate  above  25°C 

PD 

125 
71.5 
0.714 

150 
85.5 
0.86 

175 
100 
1.0 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj-  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Thermal  Resistance, 
Junction  to  Case 

R0JC 

1.4 

1.17 

1.0 

°c/w 

Maximum  Lead  Temperature 
for  Soldering  Purposes: 

275 

°c 

1  /8"  from  Case  for  5  Seconds 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycled  10%. 

STYLE  1 

PIN  I.  BASE 

1  EMITTER 

CASE  COLLECTOR 


NOTES: 

1.  DIMENSIONS  0  AND  V  ARE  DAT U MS. 
2  CD  IS  SEATING  PLANE  AND  DATUM. 
3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0 

|  ♦  |  H310.M5)©  |  T  |v©[ 

FOR  LEADS  

|  +  |  ♦.I3[Q-005I®T  [  y©|  Q®| 


MILLIMETERS  |  INCHES 

WIN 

MAX  MIN 

MAX 

1 

39.37  ]  - 

1  5S0 

B 

21  08 

OH' 

C 

G.35 

i  v. 

U.24U 

0 

0  97 

1.09 

am 

r  » 

E 

1  *0 

1.7B 

:  0' 

1 

3G  I 

BSC 

1  is 

=>:■ 

G 

10.92  BSC 

0430  BSC 

ri 

5.46  BSC 

0  71  Ei  BSC 

i 

16  ? 

BSC 

0  (iSE)  BSC 

K 

12  19 

144C  1  MM 

0 

3  Si 

4.19 

0  151  1  D  IBS 

R 

26.67 

i  [■'.;. 

U 

4  83 

5.33 

!!  19(1 

0.710 

V 

i4i 

4.19 

0  151 

0  165 

CASE  1-06 
TO-204AA  (TO-31 


MJ12020,  MJ12021,  MJ12022 


ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  (1 ) 

Collector-Emitter  Sustaining  Voltage  {Table  1 ) 

vCEO(sus) 

450 

Vdc 

(lC=  100  mA,  lB  =  0) 

Collector  Cutoff  Current 
(VCEV  =  850  Vdc,  VBE(off)  =1.5  Vdc) 
(VCEV  =  850  Vdc,  VBE(off)  =  1  5  Vdc.  Tc  =  1 00°C) 

ICEV 

0.25 
1.5 

mAdc 

ICER 

2.5 

Collector  Cutoff  Current 

fU^r  :  «r,f1  Vrir    Rnr  =  Rfl  C  T^=mTi°r\ 

mAdc 

i  -  ^c  "DC  '  I*   — ' 

Emitter  Cutoff  Current 

lEBO 

1.0 

mAdc 

(VE8  =  6.0  Vdc,  lc  =  0) 

SECOND  BREAKDOWN 



Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figures  19.  21  or  23 

Turn-Off  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figures  20,  22  or  24 

ON  CHARACTERISTICS  (1) 

Collector-Emitter  Saturation  Voltage 
dC  =  3.0  Adc.  IB  =  0.6  Adc) 
(lC=5.0Adc.  lB=1  OAdc) 
(lc=  10  Adc.  IB  =  2.0  Adc) 

MJ1  2020 
MJ12021 
MJ1  2022 

vCE(sat) 

Vdc 

1.2 
1.2 
1.2 

Base  Emitter  Saturation  Voltage 
dC=  3.0  Adc,  lB  =  0.6  Adc) 

MJ12020 

VBE(sat) 

1.5 
1.5 
1.5 

Vdc 

dC  =  5.0  Adc.  Ib  =  1  0  Adc) 
dC=  10  Adc.  IB=  2.0  Adc) 

MJ12021 
MJ12022 

DC  Current  Gain 
(lc=5.0Adc.  VCE=5.0Vdc) 

"FE 

5  0 

5.0 
5.0 

MJ12020 

— 

|IC  =  8.0  Adc.  VCE  =  5.0  Vdc) 

MJ12021 

(lC=15Adc,  VCE  =  5.0Vdc) 

MJ12022 

DYNAMIC  CHARACTERISTICS 

Current  Gain  Bandwidth  Product 

tr 

MHz 

dC  =  0.3  Adc.  VCE  =  10  Vdc,  f=  1.0  MHz) 
(lc  =  1 .0  Adc.  VCE  =  10  Vdc,  f  =  1 .0  MHz) 
IIC  =  1.3  Adc.  VCE  =  10  Vdc.  f  =  1.0  MHz) 

MJ1  2020 
MJ12021 
MJ12022 

15 
15 
15 

Output  Capacitance 

Cob 

pF 

(VCB=  10  Vdc,  lE  =  0,  f=  1.0  kHz) 

MJ 12020 

200 

MJ12021 

350 

MJ12022 

400 

(1)  Pulse  Test:  Pulse  Width  t£  300  pS,  Duty  Cycle  s£2% 
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MJ12020,  MJ12021,  MJ12022 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

|    Symbol     |      Min             Typ             Max       |  Unit 

SWITCHING  CHARACTERISTICS 

MJ12O20 

Inductive  Switching.  Clamped  Drive 

Storage  Time 

(lc  =  3.0  Adc.  IB  =  0.6  Adc, 
VCC  =  40  Vdc.  VBE(off)  »  4.0  Vdc. 
Pulse  Width  =  8.0  f,s. 

Duty  Cycle  <  2%)  See  Table  1 

Tj  =  25°C 

•s 

440 

1200 

ns 

Fall  Time 

<f 

130 

300 

Storage  Time 

Tj=  100°C 

's 

550 

1500 

Fall  Time 

<f 

200 

500 

Inductive  Switching.  Series  Base  Inductance 

Fall  Time 

He  =  3.0  Adc,  lB  ■  0.6  Adc.  Lb  ■  24  „H)  See  Table  2 

M 

175 

ns 

MJ12021 

Inductive  Switching,  Clamped  Drive 

Storage  Time 

(lC  =  5  0  Adc.  IB  =  1  0  Adc. 

VCC  =  60  Vdc.  VBE(off)  =  *-0  Vdc. 

Pulse  Width  =  8.0  lis. 
Duty  Cycle  <  2%|  See  Table  1 

Tj  =  25° 

C 

's 

550 

1200 

ns 

Fall  Time 

tf 

100 

300 

Storage  Time 

Tj=  100c 

c 

's 

750 

1600 

Fall  Time 

!f 

180 

500 

Inductive  Switching.  Series  Base  Inductance 

Fall  Time 

(IC  =  6.0  Adc.  Ifl  =  1  0  Adc.  LB  =  24  WH|  See  Table  2 

tf 

300 

ns 

MJ 12022 



inauctive  awiicning,  uiempea  unve 

Storage  Time 

dC=  10  Adc,  Ib=  2.0  Adc. 

VCC  =  1 20  Vdc,  VbeIoH)  =  4  0  Vdc, 

Pulse  Width  .  8.0  4s. 

Duty  Cycle  s:  2%)  See  Table  1 

Tj  =  25°C 

's 

820 

1800 

ns 

Fall  Time 

<f 

100 

300 

Storage  Time 

Tj=  100«C 

's 

1100 

2500 

Fall  Time 

If 

130 

400 

Inductive  Switching.  Series  Base  Inductance 

Fall  Time 

(lc  =  1 0  Adc.  IB  =  2.0  Adc.  LB  =  24  MH)  See  Table  2 

'f 

350 

ns 




MJ12020.  MJ12021,  MJ12022 


TYPICAL  ELECTRICAL  CHARACTERISTICS 
  MJ12020   


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 


60  r 


g  7.0 


Tj=  10D°C 

I 

— 

<CE  = 

5  0 

1- 

0.1         0.2    0.3      0.5  0  7    1.0         2  0    3.0      5.0   7.0  10 
It  COLLECTOR  CURRENT  IAMPS) 


0.03    0  05  0  07  0  1  0.2    0.3      0.5  0.7    1.0         2  0  3.0 

l„.  BASE  CURRENT  (AMPS) 


MJ 


FIGURE  3  -  DC  CURRENT  GAIN 


FIGURE  4  -  COLLECTOR  SATURATION  REGION 


IC  =  2.0  A 


Tj  '  25°C 


0.5         1.0  2.0 

lC.  COLLECTOR  CURRENT  (AMPS) 


0.5  1.0  2.0 
IB.  BASE  CURRENT  (AMPS1 


-MJ12022 


FIGURE  S  —  DC  CURRENT  GAIN 


FIGURE  6  -  COLLECTOR  SATURATION  REGION 


g  10 

i 

50 
30 


-4+H- 

'j 

-  iuu-i. 

: 

— 

£ 

5 

0 

V 

0  2  0  5         10         2  0  5  0  10  20 

lC'  COLLECTOR  CURRENT  (AMPSI 


0.02      0.05    0.1     0  2        0  5     1  0     2.0        5  0  to 
l6.  BASE  CURRENT  |AMPSI 
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MJ12020.  MJ12021,  MJ12022 


TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  7  —  COLLECTOR-EMITTER  SATURATION  VOLTAGE 

5.0 


MJ12020 


FIGURE  8  -  BASE-EMITTER  VOLTAGE 


005 


H  = 
i,  = 

o  — 

00- 

c 

m 

Tj 

=  10 

=  25° 

C  . 

\ 

 1 — 

-\  Hi  =  5 

T,  =  25°C  _ 

1         0.2             0  5         1.0         2  0             5.0  1 

'C-  COLLECTOR  CURRENT  (AMPS) 


MJ12021  ■ 


FIGURE  9  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE 


0.1  0.2 


0.5         10  20 
lC.  COLLECTOR  CURRENT  (AMPS) 
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FIGURE  10  -  BASE-EMITTER  VOLTAGE 
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FIGURE  12  -  BASE-EMITTER  VOLTAGE 
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TYPICAL  DYNAMIC  CHARACTERISTICS 
  MJ12020   


FIGURE  13  -  STORAGE  TIME 


FIGURE  14  -  FALL  TIME 
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FIGURE  15  -  STORAGE  TIME 
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FIGURE  17     STORAGE  TIME 


FIGURE  18  —  FALL  TIME 


200 
100 


Tj  =  25°C 
ft  =5.0 

vBE(ot1)  =  3  0  to  5.0  Vdc 


200 
150 


Tj  =  25°C 

0  Vdc 

ft  =5.0 
VBE(otf)  = 

3.0  to  5 

1.5  2.0 


3.0  5.0  8  0      10  15 

lc.  COLLECTOR  CURRENT  (AMPS) 


1.5  2.0 


3.0  5.0  8.0      10  15 

-  rnnc 


lC.  COLLECTOR  CURRENT  (AMPSI 


3-961 


MJ12020.  MJ12021,  MJ12022 


FIGURE  19  -  MAXIMUM  RATED  FORWARD  BIAS 
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FIGURE  24  -  MAXIMUM  RATED  TURN-OFF 
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SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  !(;— Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  19.  21  and  23  are  based  on  Tc  = 
25°C;  Tj(pK)  is  variable  depending  on  power  level.  Second 
breakdown  pulse  limits  are  valid  for  duty  cycles  to  1 0%  but 
must  be  derated  when  Tq  3*  25°C.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
Allowable  current  at  the  voltages  shown  on  Figures  19, 
21  and  23  may  be  found  at  any  case  temperature  by  using 
the  appropriate  curve  on  Figure  28 


Tj(pk) mav  De  calculated  from  the  data  in  Figures  29,  30 
or  31 .  At  high  case  temperatures,  thermal  limitations  will 
reduce  the  power  that  can  be  handled  to  values  less  than 
the  limitations  imposed  by  second  breakdown 

TURN-OFF 

In  deflection  circuits,  high  voltage  and  high  current 
normally  do  not  occur  simultaneously  during  turn-off  with 
the  base-emitter  reverse  biased.  The  safe  level  of  oper- 
ating these  devices  is  specified  as  the  Turn-Off  Safe 
Operating  Area,  and  representsthe  area  the  lead  line  may 
traverse  during  reverse  biased  turn  off.  For  reliable  oper- 
ation, all  abnormal  operating  conditions  should  be 
checked  for  operation  within  this  area. 


FIGURE  25  -  CAPACITANCE  VARIATION 
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THERMAL  RESPONSE 


FIGURE  30  -  MJ12021 
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TABLE  1  —  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


v(BR)CEO 

Inductive  Switching,  Clamped  Drive 

Tum-Off  SOA 

L=  10  mH 
RB2  =  "» 
VCC  =  20  Vdc 
S1  —  Open 
•Tektronix  P-6042 
or  Equivalent 

MJ12020 

MJ12021 

MJ12022 

MJ12020 

MJ12021 

MJ12022 

C  =  0.003  (iF 
Vcc  =  40  vdc 

C  =  0.020  *iF 
Vcc  =  60  Vdc 

C  =  0.036  /if 
Vcc  =  1 20  vdc 

C  =  0.003  ,iF 
Vcc  -  20  vdc 

C  =  0.020  ,sf 
Vcc  - 35  vdc 

C  =  0  037  WF 
VCC  «  55  Vdc 

L=  100  ,iH.  SI  —  Closed 

Rg2  =  0.  RB1  selected  for  required  Ifjl 

Scope  —  Tektronix  7403  or  Equivalent 

L=  100 ,iH 

Rg2  5  0.  Rg1  selected  for  required  Ibi 
S1  —  Closed 

PulM  Width  Adj 
50%  Duty  Cycle 


TEST  CIRCUIT  FOR  INDUCTIVE  SWITCHING  WITH  BASE  INDUCTANCE 

O  *60V 


4  rv~v~v^ — ^_ 


lB  Adj 


MH91B 
(Selected  J 

1500  VI 


lOyF 
150  V 


io 
5  w 


Device 

VCC  (Volts) 

'C(pk)  (Amp) 

C  (j-F) 

MJ 12020 

20 

3.0 

0.003 

MJ12021 

35 

5.0 

0;020 

MJ12022 

55 

10 

0036 

Corp  ^cc 
DRIVER  TRANSFORMER  (T1) 

Motorola  pert  numbir  25  D68782  A-05  1  /A "  laminate  "6"  iron  core. 
Primary  Inductance  —  39  mH,  Secondary  Inductance  —  0.22  mH, 
Leakage  inductance  with  primary  shorted  —  2.0  t*H.  Primary  260 
turns,  #28  AWG  enamel  wire.  Secondary  17  turns,  #22  AWG 
enamel  wira. 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJ13014  and  MJ13015  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where 
fall  time  is  critical.  They  are  particularly  suited  for  line  operated 
switchmode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 

Fast  Turn  -  Off  Times: 

60  ns  Inductive  Fall  Time  @  25°C  (Typ) 

120  ns  Inductive  Crossover  Time  @  25°C  (Typ) 

800  ns  Inductive  Storage  Time  @  25°C  (Typ) 
Operating  Temperature  Range  -65  to  +200°C 

100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 





MAXIMUM  RATINGS 

Rating 

Symbol 

MJ13014 

MJ13015 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

350 

400 

Vdc 

Collector-Emitter  Voltage 

VCEV 

550 

600 

Vdc 

Emitter  Base  Voltage 

veb 

6.0 

Vdc 

Collector  Current  -  Continuous 
-Peak(l) 

'c 
'cm 

10 

20 

Aac 

Base  Current  —  Continuous 
-Peak(t) 

>B 
IBM 

5.0 
10 

Adc 

Total  Power  Dissipation  @  Tq  -  25°C 
@TC  =  100°C 

Derate  above  25°C 

PD 

150 

85.5 
0.86 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj,  TStg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 


Symbol 


Rf5JC 


275 


°C/W 
-Bj=r— 





10  AMPERE 


NPN  SILICON 
POWER  TRANSISTORS 

3S0  AND  400  VOLTS 
150  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per 
mits  the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 


NOTES: 

1.  DIMENSIONS  □  AND  V  ARE  DATUMS. 
2  [jj  IS  SEATING  PLANE  ANO  DATUM. 
3.  POSITIONAL  TOLERANCE  FDR 
MOUNTING  HOLE  0 

|   ♦  |  1.1310.0051©  |  T  |V©  | 

FOR  LEADS:  

|   ♦  |  t  I3{0.005)®T  |  V®  |  0Q| 
PER 


STYLE  I 

PIN  I  BASE 

i  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

WIN 

MAX 

MIN 

MAX 

A 

39  37 

1.550 

B 

2!  08 

0.830 

C 

(,Ss 

7.62 

0.26U 

0.3QO 

B 

097 

1.09 

0038 

0.043 

; 

1  40 

1  78 

0  OSS 

0.070 

I 

JO  15  BSC 

L1I 

hs: 

s 

10  92  BSC 

0  430  BSC 

H 

5.46  BSC 

0.215  BSC 

J 

IS  95  Bit 

obs 

BSC 

H 

11  18 

12.19 

0  440 

0  480 

G 

3  11 

4  || 

0  !5Q 

0  165 

R 

L'6  b? 

1  050 

U 

«JH 

5.33 

0  190 

0.210 

V 

.1  81 

4.19 

[1  1  SO 

0.165 
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ELECTRICAL  CHARACTERISTICS  ITC  ■  25°C  unless  otherwise  noted)  

Ch.nclerlstic  |      Symbol    |       Min  Typ  Max  Unit  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  1) 

(lc  -  100  mA.  IB  -  0)  MJ13014 

MJ13015 

VCEO(sus) 

350 
400 

Vdc 

Collector  Cutoff  Current 

'CEV 

mAdc 

(VcEV  =  Rated  Value,  VBE(ori)  =  1  5  vdc) 

( VCEV  =  Rated  Value.  VBE(off)  "  '  B  Vdc,  Tc  »  1 50°CI 

0.5 
2.5 

Collector  Cutoff  Current 

(VCE  -  Rated  VCEv-  RBE  =  50  «.  TC  "  100°C) 

'CER 

3.0 

mAdc 

Emitter  Cutoff  Current 

!eBO 

1.0 

mAdc 

(VEB  -  6.0  Vdc,  lc  "  01 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  base  forward  biased 

'S/b 

See  Figure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (1) 


DC  Current  Gam 

llc  =  2.5  Adc.  VCE  »  5  Vdc) 

nFE 

12 

40 

Collector-Emitter  Saturation  Voltage 
llc  j  5  Adc,  lB  -  1 .0  Add 
dC  "  10  Adc,  Ib  -  2.0  Adc) 

vCE(sat) 

1.4 
5.0 

Vdc 

dC  J  5  Adc.  Ib  =  10  Adc,  Tc  -  100°C) 

2.4 

Base  Emitter  Saturation  Voltage 
dC  =  5  Adc.  Ib  =>  10  Adc) 
dC  ■  5  Adc,  lB  -  1.0  Adc.  Tc  -  100°CI 

vBE(satl 

1.5 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(Vcb  •  1  0  Vdc,  lE  •  0.  f,e!t  -  1 .0  kHz) 

C0b 

50 

350 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

IVCC  -  250  Vdc,  lc  "  5.0  A.  IB,  =1.0  A, 

<d 

0  01 

0.1 

us 

Rise  Time 

tD  =  25  us,  Duty  Cycle  -  2%) 

tr 

0.085 

0.5 

us 

Storage  Time 

IVCC  •  250  Vdc,  lc  '  5.0  A,  lB,  ■  1.0  A, 

■s 

0.8 

2.0 

us 

Fall  Time 

vBE(off )  =  5  0  Vclc.  rp  =  25  us.  Duty  Cycle  ^  2%) 

tf 

0.095 

05 

us 

Inductive  Load  Clamped  (Table  1) 


Storage  Time 

(IC  -  5  Alpkl.  Vdamp  =  250  Vdc.  IB1  i  1.0  A. 
vBE(off)  "  5  Vdc,Tc  «  100°C) 

'sv 

1.5 

3.5 

MS 

Crossover  Time 

'c 

0.25 

1.0 

MS 

Fall  Time 

Ifl 

0.12 

M* 

Storage  Time 

IIC  ■  5  A  (pk),  Vciamp  -  250  Vdc.  lBl  -  1.0  A. 
VBEIoffl  =5  Vdc.  TC  =  25°CI 

'sv 

0.8 

MS 

Crossover  Time 

'c 

0.12 

MS 

Fall  Time 

Ifi 

0.06 

MS 

( 1 )  Pulse  Test :  PW  ■  300  us.  Duty  Cycle  1  2%. 
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DC  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR-EMITTER 
SATURATION  VOLTAGE 
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FIGURE  4  -  BASE-EMITTER  VOLTAGE 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VCEO(sus) 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 




Z 
t-O 


*  12 


PW  Varied  to  Attain 
IC  ■  100  mA 


All  Diodes  -  1N4934 
All  NPN  -  MJE200 
All  PNP  -  MJE210 


Adjust  R  1  to  obtain  Iq* 

For  switching  and  RBsOA,  R2  =  0 

ForBVCEO(SU5).  R2=°° 


TURN  ON  TIME 


TURN  OFF  TIME 
Use  inductive  twitching 
driver  ax  the  input  to 
the  resistive  ten  circuit. 


H  (A 


i-coil  =  80  mH  VC 
Rcoii  '  0-7  n 


Lcoil  1  '80 
Rcoil  =  0  05  IJ 
Vcc  =  20  V 


vc.»mp  "  250  V 

Rg  adiusted  to  attain  desired  iB1 


Pulse  Width  =  10.US 


INDUCTIVE  TESTCIRCUIT 


OUTPUT  WAVEFORMS 


See  Above  tor 
Detailed  Condition* 


O  1  — f-VVV  ♦  1  ^ 

2  ^A«s-A 


t,  Adju*t«d  to 
Obtain  ic 

1-c.ll"^! 
"  *  *cc 

Ten  Equipment 


RESISTIVE  TEST  CIRCUIT 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Iri  to  10%  Vc|amp 

tru  *  Voltage  Rise  Time,  10-90%  Vc|arnp 

tfj  =  Current  Fall  Time,  90-10%  Iq 

tti  *  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=  1/2Vcclc(tc|f 
In  general,  trv  +  tfj  —  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsvl  which  are 
guaranteed  at  100°C. 


RESISTIVE  SWITCHING 


FIGURE  9  -  TURN-ON  SWITCHING  TIMES 


FIGURE  10  -  TURN  OFF  TIME 
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FIGURE  11  -  THERMAL  RESPONSE 
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The  Safe  Operating  Area  figures  shown  in  Figures  12  and  13  are 


FORWARD  BIAS  SAFE  OPERATING  AREA 


4.0     6.0       10  20  40      60  100 

VCE,  COLLECTOR-EMITTER  VOLTAGE  [VOLTSI 


FIGURE  13  -  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Irj-VcE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e..  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tq  =  25°C;  Tj(pk| 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

Tj(pk|  mav  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 
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Designer's  Data  Sheet 


SWITCHMODE  II  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJ1 3070  and  MJ1 3071  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line-operated  switch- 
mode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 

Fast  Turn-Off  Times 

1 00  ns  Inductive  Fall  Time  @  25°C  {Typ) 
1 50  ns  Inductive  Crossover  Time  @  25°C  {Typ} 
400  ns  Inductive  Storage  Time  @  25°C  (Typ) 

Operating  Temperature  Range  -65  to  +200°C 

100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


5  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

400  AND  450  VOLTS 
125  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented-  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
"worst  case"  design. 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ  13070 

MJ  13071 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

650 

750 

Vdc 

Emitter  Base  Voltage 

VEB 

60 

Vdc 

Collector  Current  —  Continuous 
—  Peakd) 

>c 
'cm 

5  0 
80 

Adc 

Base  Current  —  Continuous 
—  Peakd) 

to 

'bm 

2.0 
4.0 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
@  Tc  =  100°C 

Derate  above  25°C 

Pd 

125 
71.5 
0714 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  +200 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

«6jc 

1.4 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

tl 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty,  Cycle  *S  10%. 

—  CAM  C011ECT0R 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


Symbol 


Typ 


OFF  CHARACTERISTICS  ID 


Collector-Emitter  Sustaining  Voltage  (Table  1 ) 
(lc  =  100  mA,  lB  =  0)  MJ13070 

MJ 13071 

vCE0lsus) 

400 
450 

Vdc 

Collector  Cutoff  Current 
(Vqev  =  Rated  Value,  VgEloff )  =  1  5  Vdc) 
(VCEV  =  Ra'ed  Value,  VBE<0ff)  =15  Vdc,  Tc  -  1 00°CI 

!CEV 

0,5 
2  5 

mAdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCEV.  RBE  =  50  11.  Tc  =  1 00°C) 

'CER 

3.0 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc,  lc  =  0) 

'EBO 

10 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 


is/b 


See  Figure  1 2 


Clamped  Inductive  SOA  with  Base  Reverse  Biased 


RBSOA 


See  Figure  13 


ON  CHARACTERISTICS  1 1 1 


DC  Current  Gain 
|lc  =  3  0  Adc,  VCE  =  5  0  Vdc 

"FE 

80 

Collector-Emitter  Saturation  Voltage 
(lc  =  3  0  Adc.  IB  =  0  6  Adc) 
dC  =  5  0  Adc.  IB  =  1  0  Adc) 
(IC  =3.0  Adc,  lB  =  0.6  Adc.  Tc  =  1 00°CI 

vCE(sat) 

10 
3  0 

.2,0  , 

Vdc 

Base-Emitter  Saturation  Voltage 
dC=  3.0  Adc.  lB  =  0  6Adc) 
(lc  =  3  0  Adc.  IB  =  0.6  Adc.  Tc  a  100°C) 

vBE(satl 

1.5 
1.6 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance  C00 
(VCB  =  1 0  Vdc.  IE  =  0.  ftest  =  1 .0  kHz) 

250 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

(VCC  =  250  Adc.  IC  =  3  0  Adc. 

IB1  -  0.4  Adc.  tp  a  30  /ys. 

Duty  Cycle  5,2%.  VBE(off,  =  5  0  Vdc) 

id 

003 

0  05 

(is 

Rise  Time 

tr 

0  10 

040 

Storage  Time 

*s 

040 

1  50 

Fall  Time 

if 

0  175 

0.50 

Inductive  Load.  Clamped  (Table  1) 

Storage  Time 

('C(pk)=  3.0  A, 
lB1  =  0  4  Adc. 
vBE(off)  =  5.0  Vdc, 
VcE(pk)=  250  V) 

(Tj=  100°C) 

!Sv 

0.70 

2  0 

Crossover  Time 

'c 

0  28 

0  50 

Fall  Time 

Ifl 

0  15 

0  30 

Storage  Time 

(Tj  =  25°C) 

'SV 

0  40 

Crossover  Time 

lc 

0,15 

Fall  Time 

Ifi 

0.10 

( 1 )  Pulse  Test   PW    300  Ms,  Duty  Cycle  <  2% 
'C 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR-EMITTER 
SATURATION  VOLTAGE 
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FIGURE  5  —  COLLECTOR  CUTOFF  REGION 
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FIGURE  4  -  BASE-EMITTER  VOLTAGE 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


RESISTIVE  SWITCHING 


HO 


H  P  214 
or  Equiv 
PG 


0 
35 


,1F 


PW  Var.fHl  co  Atta.n 
,c.  100  mA 


20 


0  02UF  100 

-if- 


7jZ  0  02  „F 
1  0  „F 


«B1 


TURN  ON  TIME 


 © 


-4H 


TURN  OFF  TIME 
Ui«  indue  ova  twitching 
drivar  ai  the  input  to 
tha  r||>ltlVl  t«*t  circuit 


Aajust  R1  to  obtain  Ig, 

For  switching  and  RBSOa-  R2  =  0 

For  BVCEO(sus|,  R2  =  - 


l-COII  "  80  mM  VCC  =  10  V 
Rco,l  =  0  7  il 


Lco„  ,60  uH 
Heoil  0  05  il 
VCC     20  V 


Vcl*mp      250  V 

Rg  ad|ult«d  to  attain  devred  Ig 


VCC=250V 
RL  :  63  11 

Pulse  W>dth  =  10  us 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


Sea  A  hov  a  for 
Datailad  Condition* 


1 


'1- 


IV  J  I      T  1  

O  '  '    f  »  •  1  .utiimD 

2  i0BS-0  1  '  L~< 


t1  Adiuitad  to 
Obt*m  ic 


Tett  Equipment 
Scopa  -  Takuon.x 
475  o.  Equivalent 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  I b  1  t°  10%  vclamp 

trv  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  =  Current  Fall  Time,  90-10%  lc 

ttj  =  Current  Tail,  10-2%  \q 

tc  =  Crossover  Time,  10%  VC|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=  1/2Vcclc(tc)f 
In  general.  trv  +  tfj  ="  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifics 
tions  which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv) 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 


\£  COLLECTOR  CURRENT  (AMPS) 


0  15 


05        0  7  10  2  0  3  0 

lC.  COLLECTOR  CURRENT  |AMPS| 


FIGURE  1 1  -  THERMAL  RESPONSE 
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The  Safe  Operating  Area  figures  shown  in  Figures  12  and  13  are 
specified  for  these  devices  under  the  test  conditions  shown. 


FIGURE  12  -  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA 
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FIGURE  13  -  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc-VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

Tj(pk]  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 
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Designer's  Data  Sheet 


SWITCHMODE  II  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJ13080  and  MJ13081  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line-operated  switch- 
mode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay.Drivers 

•  Motor  Controls 

•  Deflection  Circuits 

Fast  Turn-Off  Times 

100  ns  Inductive  Fall  Time  @  25°C  (Typ) 
1 50  ns  Inductive  Crossover  Time  @  25°C  (Typ) 
400  ns  Inductive  Storage  Time  @  25°C  (Typ) 

Operating  Temperature  Range  -65  to  +200°C 

100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


8  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

400  AND  450  VOLTS 
1 50  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
"worst  case "  design. 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ130B0 

MJ13081 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

650 

750 

Vdc 

Emitter  Base  Voltage 

vEB 

60 

Vdc 

Collector  Current  —  Continuous 
-  Peak  (1) 

ic 

ICM 

80 
12 

Adc 

Base  Current  —  Continuous 
-  Peak(1) 

'B 

IBM 

3.0 
60 

Adc 

Total  Power  Dissipation  @  Tq  =  25°C 
(§>  Tc  =  1 00°C 

Derate  above  25°C 

PD 

150 
855 
086 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

«9JC 

1.17 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  ■  5  ms. 

Duty  Cycle  <  10%. 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted)  

Characteristic  |    Symbol     |      Min  Typ      |       Max  Unit 


OFF  CHARACTERISTICS  (1 ) 


Collector-Emitter  Sustaining  Voltage  (Table  1 ) 

vCEO(sus) 

400 
450 

Vdc 

(lc  =  100  mA,  Ib  -  01 

MJ13U80 
MJ 13081 

Collector  Cutoff  Current 
(VCEV  =  Rated  Value,  VBE(0ff>  =  1 .5  Vdc) 
(VCEV  =  Ra,ed  Value-  vBE(off)  =  1  5  vdc-  TC  =  100°CI 

ICEV 

05 
2  5 

mAdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCEV.  "BE  *  50  f),  Tc 

= 100°C) 

'CER 

3.0 

mAdc 

Emitter  Cutoff  Current 
(Veb  ■  6.0  Vdc.  IC  -  0) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

is/6 

See  Figure  1  2 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (1| 

DC  Current  Gain 
(lC  =  5.0  Adc.  VCE  =  3.0  Vdc 

"FE 

80 

Collector-Emitter  Saturation  Voltage 
(lc  =  5.0  Adc,  lB  =  1  0  Adc) 

vCE(sat). 

1.0 
30 
2.0 

Vdc 

(IfJ  =  O.U  AOC.  IQ  =  1  .O  AOC) 

(lc  =  5.0  Adc.  IB  =  1 .0  Adc.  Tc  =  100°C) 

Base-Emitter  Saturation  Voltage 
(lc  =  5.0  Adc,  lB  =  1  0  Adc) 
dC  ■  5.0  Adc.  Ifl  =  1  0  Adc,  Tc  =  1 00°C) 

vBE|sat) 

US 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  1 0  Vdc.  IE  =  0,  f,est  =  1 .0  kHz) 

Cob 

300 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

(Vcc  =  250  Vdc,  lc  =  5  0  Adc. 

iBl  =  0  7  Adc,  tp  =  30  jus, 

Duty  Cycle  «2%,  VBE(ofI)  =  5.0  Vdc) 

•d 

0025 

0.05 

cs 

Rise  Time 

Ir 

0.10 

0.50 

Storage  Time 

•s 

0.50 

1.50 

Fall  Time 

•f 

0  15 

050 

Inductive  Load.  Clamped  (Table  1) 

Storage  Time 

dClpk)  =  5.0  A, 
Im  =  0  7  Adc, 

(Tj=  100°C| 

tsv 

0  75 

2.20 

MS 

Crossover  Time 

>c 

0  22 

0  40 

Fall  Time 

Ifi 

0.175 

0.35 

Storage  Time 

vBE(off|  =  5  0  Vdc, 
VCE(pk)  =  250V) 

(Tj  =  25=C) 

tsv 

0.40 

Crossover  Time 

'c 

0.15 

Fall  Time 

tf, 

0.10 

II I  Pulse  Test:  PW  -  300  /is.  Duty  Cycle  S2% 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR-EMITTER 
SATURATION  VOLTAGE 


FIGURE  4  -  BASE-EMITTER  VOLTAGE 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VCEOfsml 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 



HO 

zo 
~z 
o 


PW  VmttmH  to  Att.ir. 
IC  -  100  mA 


TURN  ON  TIF 


-fr2 

lBl  adju»tad  to 
obtain  tha  forced 
hFE  dasirad 
TURN  OFF  TIME 
Um  mductiva  switching 
drKurr  at  tha  input  to 
tha  riiuiiv*  tatt  circuit 


Adiust  R1  to  obtain  l81 

For  switching  and  RBgoA'  R2  =  0 

For  BVCEO(sus|.  H2  -  - 


H</> 


o> 


l-coil  "  80  mH  VCC  =  tO  V 
"coil -0  7IJ 


Lcoil  "  '80**H 
RcOrl  '  0  05  11 


vcl»mp  •  250  V 

RB  adiuitad  to  attain  dcsirad  lg 


Vcc  =  250  V 

-  50  (! 
Pulse  Width  =  30  Ms 





O 

o 


INDUCTIVE  TESTCIRCUIT 


TUT 

O— (-T)  1N4937 
Input  Of 


Saa  Abova  for 
Oatailad  Condmoni 


Equivalent 


OUTPUT  WAVEFORMS 


I'Cloi.  1 1/^  V— —  Ir 


RESISTIVE  TEST  CIRCUIT 


amp  ^.       .=.  VCC 

ST 
oi  n 


tot-' 


Adjuitad  to 
ta.n  lc 


Tatt  Equipment 
Scope  -  Taktronix 
475  o.  E„1.., 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS  FIGURE  8  -  PEAK  REVERSE  CURRENT 


TIME 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure 
ments  must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  -  Voltage  Storage  Time,  90%  Iri  to  10%  Vc|amp 

trv  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  =  Current  Fall  Time,  90-10%  Iq 

ttj  ■  Current  Tail,  10-2%  lc 

tc  -  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PsWT-'/2VCCW 
In  general,  trv  +  tfj  —  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsu)  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 
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Th»  Safa  Operating  ArM  figuras  shown  in  F 


SAFE  OPERATING  AREA  INFORMATION 


FIGURE  1 2  —  FORWARD  BIAS  SAFE  OPERATING  AREA 
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FIGURE  13  -  REVERSE  BIAS  SAFE  OPERATING  AREA 
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FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Ic-VcE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Jq  -  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Jq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  II. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 


SO  1  0 

TC.  CASE  TEMPERATURE  (°CI 
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MJ13090 
MJ13091 
MJH13090 
MJH13091 


® 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  transistors  are  designed  for  high-voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  is  critical.  They 
are  particularly  suited  for  line  operated  switch-mode  applications 
such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Driv 

•  Motor  Controls 

•  Deflection  Circuits 
100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads  — 

1  50  ns  Inductive  Fall  Time  (Typ) 
Saturation  Voltages 
Leakage  Currents 


MAXIMUM  RATINGS 


Rating 

Symbol 

M J 13090 

MJ13091 

MJH13090 

MJH13091 

Unit 

Collector-Emitter  Voltage 

vCE0(sus) 

400 

450 

400 

450 

Vdc 

Collector- Emitter  Voltage 

VCEV 

650 

750 

650 

750 

Vdc 

Emitter-Base  Voltage 

VEB 

60 

Vdc 

Collector  Current 

—  Continuous 

—  Peak (1) 

ic 

'CM 

16 
20 

Adc 

Base  Current 

—  Continous 

—  Peakd) 

>B 

'bm 

5.0 
10 

Adc 

Total  Device  Dissipation 
@  Tc  =  25°C 
@TC=  100°C 
Derate  above  25°C 

Pd 

175 
100 

1.0 

125 
50 

1.0 

Wans 

w/°c 

Operating  and  Storage 
Junction  Temperature 
Range 

TJTstg 

-65  to  200 



-5510  150 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Mix 

Unit 

Thermal  Resistance, 
Junction  to  Case 

R8JC 

10 

°C/W 

Lead  Temperature  for 
Soldering  Purposes,  1/8' 
from  Case  for  5  Seconds. 

TL 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  s  5.0  (is.  Duty  Cycle  3s10%. 


Designer's 


Data  for  "Worst  Case"  Conditions 


The  Designer's  Data  Sheet  permits  the  design  of  most  circuits  entirely  from  the  infor- 
mation presented.  Limit  curves  —  representing  boundaries  on  device  characteristics  — 
are  given  to  facilitate  "worst  case"  design. 


15  AMPERE 


NPN  SILICON 

POWER 
TRANSISTORS 

400  AND  460  VOLTS 
125  and  1 75  WATTS 


MJ13090 
MJ13091 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

I.5S0 

1 

21.08 

ouo 

C 

6  35 

7  62 

o:sd 

M*> 

0 

0  97 

109 

0.U36 

0O43 

1*0 

i  H 

MM 

F 

■  1 

BSC 

IM  BSC 

G 

10.9 

BSC 

0.430  BSC 

H 

54 

BS( 

J 

ii  8 

BSC 

K 

1 1  IS 

12.19 

O.UOl  0.490 

Q 

3s; 

-Jf 

0151 

-fa- 

H 
u 

4  83 

533 

0210 

V 

3.81 

*  IS 

nti 

0  165 

1.  DIMENSIONS  QAN0V  ARE  DATUMS. 
7  QD  IS  SEATING  "LANE  AND  DATUM 
3  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0 

[  ♦  |  |.I3(0.0QSI©  |  T  |  V©~| 

FOR  LEADS;  

1  »  |  ».13(O.O0S)©T  |  V©|  Q©| 


ANSI  VM  S.  1973 


CASE  1  05 
TO-204AA 
(Formerly  TO-3) 


MJH13090 
MJH13091 


.A 


L-o 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

2032 

?  1  08 

(I  BOO 

0830 

B 

1549 

15.90 

0  stO 

0626 

C 

508 

0  165 

0  200 

0 

im 

1  55 

0  040 

0  065 

E 

1.36 

1.65 

0Q53 

O.MS 

G 

S.2) 

572 

0.206 

itfS 

H 

2.41 

3.20 

0.095 

0126 

J 

OJB 

0.64 

0.016 

0  02S 

■T^llT'lITTTHT.im 

uriiniumf  tut  "i 
mtT'ifnivirri 

CASE  340-01 
TO  218AC 
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MJ 13090,  MJ 13091.  MJH13090,  MJH 13091 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted! 


Characteristic                                   |     Symbol    |     Min            Typ            Max      |  Unit 

OFF  CHARACTERISTICS  (1 ) 

Collector-Emitter  Sustaining  Voltage  (Table  1 ) 
|IC=  100  mA.  IB  =  0)                         MJ13090.  MJH13O90 
MJ13091,  MJH13091 

VCEO(sus) 

400 
450 

Vdc 

Collector  Cutoff  Current 
<VCEV  =  Rated  Value.  Vbe(o«)  =  1 .5  Vdc) 
<VCEV  =  R»««d  Value.  VeE(off)  =  1  5  Vdc.  TC  =  100°C) 

!CEV 

0.5 
2.5 

mAdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCEV,  Rbe  =  50  0.  TC  =  100°CI 

'CER 

3.0 

mAdc 

Emitter  Cutoff  Current 
(VEB=6.0Vdc.  IC  =  0) 

!EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

IS/b 

See  Figures  12  and  13 

Clamped  Inductive  S0A  with  Base  Reverse  Biased 

RBSOA 

See  Figure  14 

ON  CHARACTERISTICS  (1 ) 

DC  Current  Gain 
dC  =  1 0  Adc.  Vce  =  3.0  Vdc 

"FE 

8.0 

Collector-Emitter  Saturation  Voltage 
dc=  10  Adc,  lB=  2.0  Adc) 
(lC  =  15  Adc.  IB  =  3.0  Adc) 
(lc  =  1 0  Adc.  IB  =  2.0  Adc.  Tc  =  1 00°CI 

vCE(sat| 

1.0 
3.0 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc=  10  Adc.  IB  =  2.0  Add 
(lc=  10  Adc.  IB  =  2.0  Adc.  Tc  =  100°C) 

VBE(sat) 

1.5 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
|VCB  =  10  Vdc.  IE  =  0,  f,est  =  1  0  kHz) 

cob 

350 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

( VCC  =  250  Vdc,  lc  =  1 0  Adc, 

lB1  =  1  25  Adc,  tp  =  30  us. 

Duty  Cycle  <2%,  VBE(0ff)  =  5.0  Vdc) 

<d 

0.03 

0.05 

fS 

Rise  Time 

If 

0.13 

0.50 

Storage  Time 

's 

0.55 

2.50 

Fall  Time 

If 

0.10 

0.50 

Inductive  Load,  Clamped  (Table  1 ) 

Storage  Time 

UC(pk)=1°A. 
IB1  =  1 .25  Adc. 
VBEIoffr  S.OVdc. 
VCE(pk|=250V) 

(Tj=  100°C) 

!sv 

0.80 

3.00 

(IS 

Crossover  Time 

'c 

0.175 

0.40 

Fall  Time 

<fl 

0.15 

0.30 

Storage  Time 

(Tj  =  25°C) 

tSV 

050 

Crossover  Time 

<c 

0.15 

Fall  Time 

Ifi 

0.10 

1 1 )  Pulse  Tesi:  PW  =  300  „s.  Duty  Cycle  S  2%. 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION  FIGURE  6  -  CAPACITANCE 
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MJ13090,  MJ 13091,  MJH13090.  MJH13091 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VcEOIsuil 





RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWI1 


H  P  214 
or  Equiv 
PG 


HO 


IF 

15  V  I  I 


lc  -  100  mA 


002„F  100  0-V-11V 


0  02„F 

1  0„F 

-4H" 


 @A 

'  1  «B2  A 

2N5337 


Connect  Point  A  to  base  of  TUT 

Adjust  -V  to  obtain  desired  VBE(Gff)  at  Point  A 

Adjust  R1  to  obtain  lB1 

For  switching  and  RBsq^,  R2  =  0 

For  BVceck.u,,  R2  -  - 


TURN  ON  TIME 


TURN  OFF  TIME 
Utm  induce**  iwttchtng 


tha  r«i>siiv*  ten  circuit 


Lcoi,  -  80  mM  Vcc  =■  10  V 
"coil  =  0  7  n 


LCO<l  "   180  <jH 

Hcoii  =  0  05  II 
vCc  -  V 


Vciamp-250V 

Ftgtadiuitad  to  attain  dai>'«d  I 


Vcc  =  260  V 
HL  =  25  n 
Puis*  Wkttn  =  30 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TESTCIRCUIT 


1 


tj  Adju.tad  to 

Obtun  I,- 

Lc.."cpl.' 


r— 2-4 


Tail  Equ«m.ni 
Scop*  -  TakuoniK 
475  or  E<»o™.*ar.t 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time.  90%  Ig1  to  10  %  Vc|amp 

try  =  Voltage  Rise  Time,  10—90%  Vc|amp 

tfj  =  Current  Fall  Time,  90— 10%  lc 

ttj  =  Current  Tail,  10—2%  Iq 

tc  =  Crossover  Time.  1 0%  Vc|amp  to  1 0%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 
is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 


For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=1/2VcclC(tc)f 
In  general,  trv  +  tfj  =  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  iscommon  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user-oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv|  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 
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FIGURE  1 1  -  THERMAL  RESPONSE 
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MJ13090,  MJ13091,  MJH13090,  MJH13091 


Th«  Safe  Operating  Am  figures  ihown  in  FigurM  12  and  13  an 


FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 
MJ13090  and  MJ13091 
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VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 

FIGURE  1 3  -  FORWARD  BIAS  SAFE  OPERATING  AREA 
MJH1 3090  and  MJH1 3091 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q— Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  1 2  and  1 3  are  based  on  Tc  =  25°C; 
Tj(pk)  is  variable  depending  on  power  level.  Second  break- 
down pulse  limits  are  valid  for  duty  cycles  to  10%  but  must 
be  derated  when  Tc  >  25°C.  Second  breakdown  limita- 
tions do  not  derate  the  same  as  thermal  limitations.  Allow- 
able current  at  the  voltages  shown  on  Figures  1 2  and  1  3 
may  be  found  at  any  case  temperature  by  using  the  appro- 
priate curve  on  Figure  15. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  1 1 .  At 
high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse-biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage- 
current  conditions  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure 
14  gives  RBSOA  characteristics. 


FIGURE  14  -  REVERSE  BIAS  SAFE  OPERATING  AREA 


FIGURE  15  -  POWER  DERATING 
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Designer's  Data  Sheet 


SWITCHMODE  II  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJ13100  and  MJ13101  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line-operated  switch- 
mode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay 

•  Motor  Controls 

•  Deflection  Circuits 

Fast  Turn-Off  Times 

30  ns  Inductive  Fall  Time  @  25°C  (Typ| 
60  ns  Inductive  Crossover  Time  @  25°C  (Typ) 
900  ns  Inductive  Storage  Time  @  25°C  (Typ) 

Operating  Temperature  Range  -65  to  +200°C 

100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ13100 

MJ13101 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

650 

750 

Vdc 

Emitter  Base  Voltage 

VEB 

6.0 

Vdc 

lr  20 

Adc 

Base  Current  —  Continuous 
—  Peak  (1 J 

Ib 

10 
15 

Adc 

Total  Power  Dissipation  @Jq  =  25dC 
@TC=  100°C 

Derate  above  25°C 

Pd 

175 
100 

1.0 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"6JC 

1.0 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

'L 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  s£  10%. 

20  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

400  AND  450  VOLTS 
175  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
"worst  case''  design. 
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MJ13100.  MJ13101 


ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  otherwise  noted) 

Characteristic  Symbol     |      Min  Typ  Max  Unit 


OFF  CHARACTERISTICS  (1 ) 


Collector-Emitter  Sustaining  Voltage  (Table  1 ) 
(lc=  100  mA.  IB  =  0|  MJ13100 

MJ13101 

VcEO(sus) 

400 
450 

Vdc 

Collector  Cutoff  Current 
IVCEV  -  Ra'ed  Value.  VBE(off,  =  1.5  Vdc| 
(VCEV=  Rated  Value.  VBE(off)  =  1  5  Vdc.  Tc  =  100°C) 

!CEV 

05 
2.5 

mAdc 

Collector  Cutoff  Current  IcER 
|VCE  *  Rated  VCEV.  «BE  =  5°  1.  Tc  =  100°C) 

3.0 

mAdc 

Emitter  Cutoff  Current 
|VEB  =  6.0  Vdc.  Ic  =  0) 

lEBO 

1.0 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

IS/b 

See  Figure  1  2 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (1 1 

DC  Current  Gain 
(lc=  15  Adc,  VcE  =  3.0Vdc 

"FE 

8.0 

40 

Collector-Emitter  Saturation  Voltage 
(lc  =  15  Adc.  IB  =  3  0  Add 
(lc  =  20  Adc.  IB  =  4.0  Adc) 
(lC  =  1  5  Adc.  IB  =  3.0  Adc.  Tc  =  1O0°C) 

vCE(sat) 

1.0 
3.0 
20 

Vdc 

Base-Emitter  Saturation  Voltage 
|lc  =  15  Adc,  lB  =  3.0  Adc) 
(lc  =  1  5  Adc.  IB  =  3.0  Adc.  Tc  =  1CO°C) 

VBE(satl 

1.5 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
I VCB  =  1 0  Vdc.  IE  =  0,  ftest  =  1 .0  kHz) 

Cob 

450 

pF 

SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1) 

Delay  Time 

Vcc  =  250Vdc,  lc=  15  Adc, 

IBI  =  2.0  Adc,  tp  =  30  Ms, 

Duty  Cycle  s?2%,  VBE(off)  =  5.0  Vdc) 

td 

002 

0.05 

i- 

Rise  Time 

«r 

0.13 

0.50 

Storage  Time 

•s 

0.90 

3.5 

Fall  Time 

tf 

0  10 

0.50 

Inductive  Load,  Clamped  (Table  1 ) 

Storage  Time 

lsv 

1  25 

4.0 

0 

Crossover  Time 

(|C(pk)=15A. 

(Tj=  100°C) 

•c 

0.15 

0.50 

Fall  Time 

IB1  =  2.0  Adc. 

tfi 

0.13 

0.40 

Storage  Time 

VBE(off)=5.0Vdc. 

lsv 

090 

Crossover  Time 

VCE(pk|  =  250V) 

(Tj  =  25°C) 

<c 

005 

Fall  Time 

tfi 

0.03 

(1)  Pulse  Test:  PW  -  300  pS,  Duty  Cycle  ^2%. 
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DC  CHARACTERISTICS 


FIGURE  1  —  DC  CURRENT  GAIN 
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FIGURE  2  —  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR-EMITTER 
SATURATION  VOLTAGE 
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FIGURE  4  -  BASE-EMITTER  VOLTAGE 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 



vCEOIsus) 


R8SOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


HP  214 
or  Equiv 
P  G 


IF: 


"I* 


PVW  VviM  10  Ana. 
'C  1  100  mA 


20 
i£  10„F 


002„F  100 


0  02  „F 

1  0„F 

~^\— 

500 


«B1 


RB2  + 


100  , 


■•fr 


TURN  OFF  TIME 
U*«  inducl-vt  iv.neh.ng 

Xhe  resistive  leit  c.rcu.t 


Ad|ust  R1  to  obtain  lB1 

For  switching  and  RBSOA,  H2  0 

For  BVCEO(sus).  R2  =  - 


LCOl,  =  80  mH  Vcc  =  10  V 


L-coii  T  'BO"1 
Rco,,  -  0  OS  1 
vCc  ■  20  v 


vci>mp  =  250  V 

F>B  a<l|uilvo  to  aiia-n  desired  B, 


VCC  =  250  V 
RL  =  18  6  11 
Pulso  Width  -  30  pfl 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


t,  Adimitd  io 
Obtain  IC 


vcc 

LcOII  "cm' 


T.m.  | — ^ — J 


Tail  EDgipmtnl 
Scop*  -  Taktroni* 
475  or  Equivalent 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  ■  Voltage  Storage  Time,  90%  Ibi  to  10%  Vc|amp 

trv  ■  Voltage  Rise  Time.  10-90%  Vciamp 

tf,  «  Current  Fall  Time,  90-10%  Iq 

ttj  »  Current  Tail.  10-2%  Iq 

tc  9  Crossover  Time.  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=  1/2  Vcclc(tc)f 
In  general,  irv  +  tf|  —  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv}  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 
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FIGURE  11  -  THERMAL  RESPONSE 
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MJ13100,  MJ13101 




The  Safe  Operating  Area  figures  shown  in  figure  12  and  13  i 
i  for  these  devices  under  the  test  conditions  shown 


FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 
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FIGURE  13  -  REVERSE  BIAS  SAFE  OPERATING  AREA 
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FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Ic^^CE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  1  2  is  based  on  Tc  -  25°C;  T j(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  T^  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 2  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1  4 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current-  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1  3 
gives  the  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 
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*s  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJ13330  and  MJ13331  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line  operated 
switchmode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls  f — W — • 

•  Deflection  Circuits 

Fast  Turn-Off  Time 

75  ns  Inductive  Fall  Time-25°C  (Typ) 

150  ns  Inductive  Crossover  Time— 25°C  (Typ) 

900  ns  Inductive  Storage  Time-25°C  (Typ) 
Operating  Temperature  Range  -65  to  +200°C 
100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 


20  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

200  and  250  VOLTS 
175  WATTS 


Designer's  Data  for 
"Worst  Case''  Conditions 

The  Designers  Data  Sheet  per 
mits  the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ 13330 

MJ13331 

Unit 

Collector-Emitter  Voltage 

vCEOIsusl 

200 

250 

Vdc 

Collector-Emitter  Voltage 

VCEV 

400 

450 

Vdc 

Emitter  Base  Voltage 

VEB 

6 

Vdc 

Collector  Current  -  Continuous 
-  Peak  ID 

ic 

'CM 

20 
30 

Adc 

Base  Current  -  Continuous 
-  Peak  11) 

'b 

'bm 

10 

20 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
@  Tq  -  100°C 

Derate  above  25°C 

Pd 

m 

100 

1 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 


Symbol 


R9JC 


°C/W 


°C 


(1)  Pulse  Test:  Pulse  Width  -  5  ms.  Duty  Cycle  «;  10%. 


NOTES 

1.  DIMENSIONS  0  AND  V  ARE  DATUMS. 

2.  Li]  li  SEATING  PLANE  AND  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q: 

|   ♦  |  1.1310.005)©  |  T  |V©1 

FOR  LEADS 

|  ♦  |  »13l0.0OS)©T  ]  V®  |  0(g)| 


CASE  COLLECT! 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

WIN 

MAX 

A 

39.37 

' 

71.03 

0.830 

C 

6.35 

7.G2 

o  MB 

0.300 

1) 

0.97 

1.09 

0  (HfJ 

■ 

E 

1.40 

1.78 

a  abb 

0  0/11 

F 

3D  15  BSC 

1  18 

BSC 

G 

10  9?8SC 

1.430  BSC 

bAd  BSC 

D  I1 15  BSC 

J 

16  an  esc 

0  665  BSC 

K 

11  IS 

12  19 

0  -WO 

0  4BO 

Q 

3.81 

4.19 

B  15.fl 

[1  li,!. 

R 

26.67 

1  0WJ 

u 

4.83 

5  33 

o  in 

o?to 

V 

3.81 

419 

a  150 

0  165 

Similar  device  types  with  higher  VCEQ  ratings  are:  MJ13332  I350  V)  thru  MJ13335  I500  VI. 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted). 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1) 

llc  =  100  mA.  IB  =  0)  MJ13330 

MJ13331 

vCEO(sus) 

200 
260 

Vdc 

Collector  Cutoff  Current 

(VCE  V  =  Rated  Value,  VBE(0ff )  =  1 .5  Vdcl 

IVCev  "  Ra<ed  Value.  VBE(off)  -  1.5  Vdc,  Tc  ■  150°C> 

!CEV 

0.25 
5 

mAdc 

Collector  Cutoff  Current 

(VCE  ■  Rated  VCEV.  FtgE  ■  50  Si.  Tc  ■  100°CI 

'CER 

5 

mAdc 

Emitter  Cutoff  Current 
IVEB  =  6  Vdc.  IC  -  0) 

'EBO 

0.5 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

'S/b 

See  Figure  12 

Clamped  Inductive  SOA  with  base  reverse  biased 

RBSOA 

See  Figure  1 3 

ON  CHARACTERISTICS  11) 

DC  Current  Gain 

(IC  =  5  Adc.  VCE  "  5  Vdc) 
He  "  10  Adc,  VCE  -  5  Vdc) 

hFE 

15 
8.0 

75 
40 

Collector-Emitter  Saturation  Voltage 
(IC  =  10  Adc,  lB  =  1 .5  Adc) 
llc  =  20  Adc,  lB  •  5  Add 
(IC  -  10  Adc,  lB  ■  1  .8  Adc,  TC  -  100°C) 

VcE(sat) 

1.5 
2.5 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  =  10  Adc.  IB=1.5  Adc) 
He  =  10  Adc.  IB  =  1 .8  Adc.  TC  =  100°CI 

vBE(sat) 

1.8 
1.8 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain-Bandwidth  Product 

(lc  -  300  mAdc.  VCE  ■  10  Vdc.  fIes,  =  1  MHz) 

'T 

5 

40 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc,  lE  ■  0,  f,es,  =  100  kHz) 

Cob 

100 

400 

PF 

SWITCHING  CHARACTER  SI  TICS 

Resistive  Load  (Table  1) 

Delay  Time 

<d 

0.08 

0.20 

us 

Rise  Time 

IVce  *  '75  Vdc,  lc  =>  10  A,  lB1  =  1.5  Adc, 

0.55 

1  .0 

US 

Storage  Time 

vBE(off)  "  5  Vdc,  tp  -  50  us.  Duty  Cycle  <,  2%) 

's 

0.70 

3.5 

us 

Fall  Time 

■f 

0.11 

0.7 

US 

Inductive  Load,  C.U 

mped  (Table  1) 

Storage  Time 

llc  =  10  A(pk).  vc|amp  ■  200  Vdc.  IB,  -  1.8  Adc, 

rsv 

1  .35 

4  E 

us 

Crossover  Time 

VBE(off)  =5  Vdc.Tc  -  100°CI 

XC 

0.45 

1  8 

US 

Storage  Time 

HC  -  10  A(pk),  Vc|amp  -  200  Vdc,  lB1  =  1.5  Adc, 

isv 

0.90 

us 

Crossover  Time 

VBEIoff)  -5Vdc.Tc.25°C) 

lc 

0.15 

US 

Fall  Time 

«fl 

0  075 

us 

(1)  Pulse  Test:  PW  - 

300  us.  Duty  Cycle  <s  2%. 
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DC  CHARACTERISTICS 


•3  QQQ 
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FIGURE  8  -  REVERSE  BASE  CURRENT 
versus  BASE  EMITTER  VOLTAGE 


1  I 

"clamp  "  2 
-  %1  ■  1-5  A 
IC.10A 

'J 

1.0  2.0  30  4,0 

vBEIoll).  BASE-EMITTER  VOLTAGE  {VOLTS) 


SWITCHING  TIMES  NOTE 

In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Iri  to  10%  Vc|amp 

trv  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfi  =  Current  Fall  Time,  90-10%  Iq 

tti  =  Current  Tail,  10-2%  lc 

tc  b  Crossover  Time,  10%  Vc|amp  to  10%  Iq 
An  enlarged  portion  of  the  inductive  switching  waveforms 
is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=  1/2  Vcclc(tc)f 
In  general,  trv  +  tfj  —  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


RESISTIVE  SWITCHING 


FIGURE  9  -  TURN-ON  TIME 


n 

'B 

M 

H)  -  5  * 

»cc  - 

Ir/lB 

175  V  - 

'  5 

J 

2 

b°C 



- 

f 

2.0  5.0 

lc.  COLLECTOR  CURRENT  (AMP) 


-~  0.3 
1  0.2 


FIGURE  10  -  TURN  OFF  TIME 


— tj  — . 

—  V( 

EW»."5 
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=  25CC 

V 

'c 

—  Tj 

T  1 
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lc.  COLLECTOR  CURRENT  IAMPI 
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TA8LE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


vCEO(sus) 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


Zo 
Z 

o 


^2 


PW  Varied  to  Attain 
lc  -  100  mA 


son; 


AH  Diodes  -  1N4934 
All  NPN  -  MJE200 
All  PIMP  -  MJE210 

Adjust  R1  to  obtain  I  g 

For  switching  and  RBSOA,  R2  =  0 

For  BVCEO(5us|,  R2  =  - 


TURN  ON  TIME 


I  B  ,  adjusted  id 

obtain  tha  forced 
f  fe  desired 

TURN  OFF  TIME 
the  resist. ve  tell  circuit 


Lco,|  180  jiM 
Reo„  "  0  05  SI 
VCC     20  V 





INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


t,  Adjustac 
Ootoin  lc 


RESISTIVE  TEST  CIRCUIT 


L-o""Cp.' 


Test  Equipment 
SCOP*  -  Tektronix 
475  or  Equivalent 


FIGURE  11  -  THERMAL  RESPONSE 


2  0  6  0 

t  TIME  Itnsl 
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FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


10  20  50 

VCEl  COLLECTOR-EMITTER  VDLTAGE  IVOLTS) 

FIGURE  13  -  REVERSE  BIAS  SW ITCH ING 
SAFE  OPERATING  AREA 


MJ 

3331  L 

mils  Sh 

□wn 

MJ 

3330  L 

mil  50 

1  L«SS 

Is 

f  100° 

c 

BEloft 

>  5V 

VBEI. 

ff|-2v\  N 

100  200  300  400 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc_vfCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i  e,  the  transistor  must  not  be  subiected  to 
greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  12  is  based  on  Tq  -  25°C;  Tj(pk) 
is  variable  depending  on  power  level  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Jq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  riay  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  14. 

Tj(pk)  mav  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to 
a  safe  level  at  or  below  a  specific  value  of  collector  cur- 
rent. This  can  be  accomplished  by  several  means  such  as 
active  clamping,  RC  snubbing,  load  line  shaping,  etc.  The 
safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  13 
gives  the  complete  RBSOA  characteristics. 
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Designers  Data.  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJ13332  through  MJ13335  transistors  are  designed  for 
high-voltage,  high-speed,  power  switching  in  inductive  circuits  where 
fall  time  is  critical.  They  are  particularly  suited  for  line  operated 
switchmode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

200  ns  Inductive  Fall  Time-25°C  (Typ) 

1 .8  us  Inductive  Storage  Time-25°C  (Typ) 
Operating  Temperature  Range  -65  to  +200°C 
100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ13332 

MJ13333 

m 

i 

MJ13335 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

350 

400 

450 

500 

Vdc 

Collector-Emitter  Voltage 

VCEV 

660 

700 

750 

800 

Vdc 

Emitter  Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  -  Continuous 
Peak  (1) 

•c 

'CM 

20 
30 

Adc 

Base  Current  —  Continuous 
Peak  (1) 

>B 

'bm 

10 
15 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
®Tc  «  100°C 

Derate  above  25°C 

175 
100 
1.0 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Syn 

ibol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

% 

JC 

1  .0 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

T 

L 

275 

°c 

(1 )  Pulse  Test:  Pulse  Width  -  5  ms.  Duty  Cycle  <  10%. 

Similar  device  types  available  with  lower  Vqeo  ratings, 
MJ13331  [250  V). 

see 

the  MJ13330  (200  VI  and 

20  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

350-500  VOLTS 
175  WATTS 


Designer's  Data  for 
'  Worst  Case"  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design 


NOTES: 

1.  DIMENSIONS  0  AN0  V  ARE  DATUMS 

2.  [TJ  IS  SEATING  PLANE  AND  DATUM 
3  POSITIONAL  TOLERANCE  TOR 

MOUNTING  HOLE  0 

|  »  |  H3IH.M51©  I  T  |V©  I 
POP-  LEADS: 

[  ♦  |  >.13I0  005|®T  |  V®  |  OQ 


PIN  I  BASE 

2  EMITTER 
CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MM 

MAX 

Ml* 

MAX 

A 

39.37 

1.550 

B 

;i  08 

0  8.111 

C 

6  3S 

7  62 

0  250 

0  3011 

0 

o  r: 

1  09 

CI  03-r 

o  lw: 

E 

140 

1.78 

0  Qb  b 

D.070 

F 

30.15  BSC 

l  l B  i  BSC  j 

G 

10.92  BSC 

0  430  BSC 

H 

5  46  BSC 

D.21SBSC 

> 

16  89  BSC 

0.665  BSC 

K 

11  IB 

12  19 

0  440 

r,.:si 

Q 

3  81 

4.19 

(J  1  Sit 

n  ii,'.. 

■ 

26  6? 

1  050 

4 .83 

5  33 

0  190 

0210 

3  31 

4  19 

i.)  ISO 

0  16S 

MJ13332,  MJ13333,  MJ13334,  MJ13335 


ELECTRICAL  CHARACTERISTICS  ITC  -  25°C  unless  otherwise  noted) 


Characteristic                                           |     Symbol     |        Min               Tvp              Max  Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1 1  MJ13335 
(lc  =  100  mA,  lB  =0)  MJ13334 

MJ13333 
MJ13332 

vCEO(susl 

500 
450 
400 
350 

Vdc 

Collector  Cutoff  Current 

(VCEV  =  Rated  Value,  VBE(off)  -  1.5  Vdc) 

<VCEV  •  Rated  Value,  VBE(ol<)  -  1.5  Vdc,  Tq  «  150°C> 

'CEV 

0.25 
5.0 

mAdc 

Collector  Cutoff  Current 

(VCE  =  Rated  VCEV.  RbE  s  50  SI.  Tc  =  100°CI 

'CER 

5.0 

m  Adc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc,  lc  -  01 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

'S,b 

See  Figure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  11 1 

DC  Current  Gain 

(lc  "  5.0  Adc,  VCE  =  5.0  Vdc) 

hFE 

10 

60 

Collector-Emitter  Saturation  Voltage 
(lc  =  10  Adc,  Ib  ■  2.0  Add 
llc  "  20  Adc,  lB  =  6.7  Adc) 
(lc  "  10  Adc,  lB  -  2.0  Adc,  Tc  =  100°C) 

vCE(sat) 

1.8 
5.0 
2.4 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  "  10  Adc,  lB  ■  2.0  Adc) 
(lc  =  10  Adc,  lB  =  2.0  Adc,  Tc  ;  100°C) 

vBE(satl 

1.8 
1 .8 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  -0,  ftes,  -  1.0  kHz) 

cob 

125 

500 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

<VCC  =  250  Vdc.  lc  -  10  A. 

IB1  =  2.0  A,  VBE(off]  =  5.0  Vdc,  tp  -  10  ms, 

Duty  Cycle  <  2.0%) 

<d 

0.02 

0.1 

MS 

Rise  Time 

tr 

0.3 

0.7 

MS 

Storage  Time 

<s 

1 .6 

4.0 

MS 

Fall  Time 

'f 

0.3 

0.7 

MS 

Inductive  Load.  Clamped  (Table  1  ) 

Storage  Time 

(IC  •  10  Alpkl,  Vc|amp  -  250  Vdc.  IB1  =  2.0  A. 
vBE(offl  "  5  Vdc.Tc  =  100°C) 

<sv 

2.5 

5.0 

MS 

Crossover  Time 

<c 

0.8 

2.0 

MS 

Storage  Time 

(IC  -  10  Alpkl.  Vclamp  =  250  Vdc,  lB1  =  2.0  A. 
vBEIoff)  =  5Vdc,  TC  =  25°C) 

'SV 

1  .8 

MS 

Crossover  Time 

'c 

0.4 

MS 

Fall  Time 

Ifi 

0.2 

MS 

(1  ]  Pulse  Test:  PW  -  300  ms.  Duty  Cycle  «;  2%. 
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SWITCHING  TIMES  NOTE 


GURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  REVERSE  BASE  CURRENT  versus 
VBEIoff)  WITH  NO  EXTERNAL  BASE  RESISTANCE 


0 


*  ic- 

ID  A 

'Bl  !  ** 
Vtlamo  '  250  V  _ 

25°C 

20  5.0 
VBE|t,||),  REVERSE  BASE  VOLTAGE  (VOITSI 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  -  Voltage  Storage  Time,  90%  I b  1  '°  10%  Vc|amp 

tru  =  Voltage  Rise  Time,  10-90%  Vc|amp 

tfj  =  Current  Fall  Time,  90-10%  Iq 

ttj  =  Current  Tail,  10-2%  Iq 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 
is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=  1/2  Vcclc(tc)f 
In  general,  trv  +  tfj  —  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsul  which  are 
guaranteed  at  100°C. 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  9  -  TURN  ON  SWITCHING  TIMES 


FIGURE  10  -  TURN-OFF  SWITCHING  TIMES 


0  5  1.0  2.0  6.0 
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MJ 13332,  MJ 13333,  MJ 13334,  MJ 13335 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VcEO(sus) 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


•  -£2 


PW  Var.ed  to  Attain 
lc  =  100  mA 


All  Diodes  -  1N4934 
All  NPN  -  MJE200 
All  PNP  -  MJE210 


lBI  adjusted  to 
Obtain  the  forced 
hf  f  desired 
TURN  OFF  TIME 
Use  inductive  switching 
driver  as  the  input  to 
the  resistive  test  circuit 


Adjust  Rl  To  obtain  I  fn 
For  switching  and  RBSOA,  R2  =  0 
ForBVCEO(sus).R2=- 


Lcoil  "  80  mH  Vcc  =  10  V 

ncoj)  -  o .7" 


Lcoj,  -  180  MH 
Rco,l  -  0  05  li 
VCC  =  20  V 


Rq  adjusted  to  attain  desired  iB, 


VCC     250  V 
Ft  l  SOW 

Pulse  Width  =  10ius 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


See  Above  for 
Detailed  Cond 


t  ]  Adiusled  t 
Obta.n  ,c 


♦    »  WV  <>  i  J 


I— «3 — I 


Test  Equipment 
Stope  -  Tektronix 
475  or  Equivalent 


FIGURE  11  -  THERMAL  RESPONSE 
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MJ 13332,  MJ 13333,  MJ 13334,  MJ13335 


SAFE  OPERATING  AREA  INFORMATION 


FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


200       350  450  600 
VCE  COLLECTOR  EMITTER  VOLTAGE  IVOLTSI       '00  500 


FIGURE  13  -  RBSOA.  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 
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FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc— VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  12  is  based  on  Tc  ■  25°C;  Tj(p|<] 
is  variable  depending  on  power  level  Second  breakdown 
pulse  limits  are  valid  for  dutv  cycles  to  10%  but  must  be 
derated  when  Jq  S>  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  14. 

Tj(pk|  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to 
a  safe  level  at  or  below  a  specific  value  of  collector  cur- 
rent. This  can  be  accomplished  by  several  means  such  as 
active  clamping,  RC  snubbing,  load  line  shaping,  etc.  The 
safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  13 
gives  the  complete  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 
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NPN  PNP 

MJ14000  MJ14001 
MJ14002  MJ14003 


® 


HIGH-CURRENT  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  use  in  high-power  amplifier  and  switching  circuit 
applications. 

•  High  Current  Capability  -  lc  Continuous  -  60  Amperes 

•  DC  Current  Gain  —  hpr:  =  15- 100  @  lC  =  50  Adc 

•  Low  Collector-Emitter  Saturation  Voltage  - 

VcE(sat)  ■  2  5  Vdc  (Maxl  @  lc  •  50  Adc 


60  AMPERES 

COMPLEMENTARY  SILICON 
POWER  TRANSITORS 

60-80  VOLTS 
300  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ14000 
MJ14001 

MJ14002 
MJ14003 

Unit 

Collector-Emitter  Voltage 

vCeo 

60 

80 

Vdc 

Collector-Base  Voltage 

vCBO 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEBO 

5 

Vdc 

Collector  Current  —  Continuous 

ic 

60 

Adc 

Base  Current  —  Continuous 

'  B 

15 

Adc 

Emitter  Current  —  Continuous 

IE 

75 

Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

Pn 

300 

1.7 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«JC 

0.584 

°C/W 

— 


FIGURE  1  -  POWER  DERATING 


360 
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80  120  160 

Tc.  CASE  TEMPERATURE  |°C] 


STYLE  1 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1  510 

1.550 

8 

19  30 

21  08 

0  760 

0830 

C 

635 

7.62 

0  250 

0.300 

0 

1.45 

1  60 

0.057 

0.063 

E 

3.43 

0.135 

F 

29.90 

30  40 

1.177 

1.197 

G 

10  67 

11.18 

0.420 

0  440 

H 

5.21 

5.72 

0  205 

0  225 

J 

18  64 

17.15 

0  655 

0.675 

11.18 

12.19 

0  440 

ii'ji!  ini amti 
■»:■  uTin  ltrr  i 


CASE  197-01 
TO-204AE 
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MJ14000,  MJ14002  NPIM,  MJ14001,  MJ14003  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°c  unless 


Characteristic 

Symbol 

Min 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  111 
(IC  -  200  mAdc,  lB  =  0) 

MJ14000,  MJ14001 
MJ14002,  MJ14003 

vCEO(sus) 

60 
80 

- 

Vdc 

Collector  Cutoff  Current 
IVCE  "  30  Vdc,  lB  -  01 
IVCE  "  40  Vdc.  IB  =  0) 

MJ14000,  MJ14001 
MJ14402.  MJ14003 

'ceo 

1.0 
1.0 

mA 

Collector  Cutoff  Current 

(VCE-60Vdc.VBE(om.1.5V> 
(VCE=80  Vdc.  VBE(off]  =  1.5  VI 

MJ14000,  MJ14001 
MJ14002.  MJ14003 

'CEX 

1.0 
1.0 

mA 

Collector  Cutoff  Current 
(VCB  "  60  Vdc.  IE  -  0) 
(VCb  -  80  Vdc.  IE  =0) 

MJ14000,  MJ14001 
MJ14002.  MJ14003 

ICBO 

1.0 
1.0 

mA 

Emitter  Cutoff  Current 
IVBE  "  5  Vdc.  IC  -  0) 

lEBO 

1.0 

mA 

ON  CHARACTERISTICS 

DC  Current  Gain  111 

(IC  -  25  Adc,  Vce  "  3.0  VI 
(IC  =  50  Adc,  Vce  "  3  0  VI 
(lc  -  60  Adc,  VCE  "  3.0  VI 

"FE 

30 
15 
5 

100 

Collector-Emitter  Saturation  Voltage  (1) 
(lC  =  25Adc,  lB  =  2.5  Adc) 
(IC  -  50  Adc,  lB  -  5.0  Adc) 
(lc  =  60  Adc,  lB  =  12  Adc) 

vCE(sat) 

1 

2.5 
3 

Vdc 

Base-Emitter  Saturation  Voltage  (1) 
(IC  "  25  Adc,  lB  =  2.5  Adc) 
(IC  =  50  Adc,  lB  *  5.0  Adc) 
(IC  =  60  Adc,  lB  =  12  Adc) 

vBE(satl 

2 
3 
4 

Vdc 

DYNAMIC  CHARACTERISTICS 


Output  Capacitance 

(VCB  =  10  Vdc,  lE  =  0,  f  =  0.1  MHz) 

Cob 

2000 

pF 

(1)    Pulse  Test:  Pulse  Width  -  300  ns,  Duty  Cycle  <.  2%. 

FIGURE  2  -  MAXIMUM  RATED  FORWARD  BIASED 

SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  Vrjg  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  2  is  based  on  Tj(pk)  =  200°C:  Trj  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk|  <200°C.  T j(pk)  may  be 
calculated  from  the  data  in  Figurel3.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 
(See  AN-415} 
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MJ14000,  MJ14002  NPN,  MJ14001,  MJ14003  PNP 


NPN 

MJ14000.  MJ14002 


TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  3  —  DC  CURRENT  GAIN 
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FIGURE  5  -  COLLECTOR  SATURATION  REGION 
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FIGURE  7  -  "ON"  VOLTAGES 
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FIGURE  4  _  DC  CURRENT  GAIN 
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FIGURE  6  -  COLLECTOR  SATURATION  REGION 
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FIGURE  8  -  "ON"  VOLTAGES 
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MJ14000,  MJ14002  NPN,  MJ14001.  MJ14003  PNP 


FIGURE  9  -  TURN-ON  SWITCHING 
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FIGURE  10  -  TURN-OFF  SWITCHING  TIMES 
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FIGURE  11  -  CAPACITANCE  VAI 
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FIGURE  12 


SWITCHING  TEST  CIRCUIT 
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FOR  CURVES  OF  FIGURES  3  &  6.  RgS  Rl  ARE  VARIED. 
INPUT  LEVELS  ARE  APPROXIMATELY  AS  SHOWN. 
FOR  NPN  CIRCUITS.  REVERSE  ALL  POLARITIES. 


FIGURE  13  -  THERMAL  RESPONSE 
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NPN 

MJ15001 

PNP 
MJ15002 


® 


MOTOROLA 


COMPLEMENTARY  SILICON  POWER  TRANSISTORS 


The  MJ15001  and  MJ15002  are  EPIBASE  power  transistors 
designed  for  high  power  audio,  disk  head  positioners  and  other 
linear  applications. 


•  High  Safe  Operating  Area  (100%  Tested)  - 

200  W  @  40  V 
50  W  <s>  100  V 

•  For  Low  Distortion  Complementary  Designs 

•  High  DC  Current  Gain  - 

hFE  =  25  (Min)  @  lc  =  4  Adc 


15  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

140  VOLTS 
200  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

140 

Vdc 

Collector-Base  Voltage 

vCBO 

140 

Vdc 

Emitter-Base  Voltage 

vEbo  1 

5 

Vdc 

Collector  Current  —  Continuous 

ic 

15 

Adc 

Base  Current  -  Continuous 

'B 

5 

Adc 

Emitter  Current  —  Continuous 

IE 

20 

Adc 

Total  Power  Dissipation  @  Tc  -  25°C 
Derate  above  25°C 

PD 

200 
1.14 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R6JC 

0.875 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/16"  from  Case  for  <10s. 

TL 

265 

°C 

PIN  t.  BASE 

2.  EMITTER 
CASE;  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21  08 

0.830 

C 

635 

7.62 

0.250 

0.300 

D 

0  99 

1.09 

0.039 

0  043 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

0 

10  67 

11.18 

0  420 

0.440 

H 

5.33 

5.5S 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0  67  = 

K 

1118 

12  19 

0  440 

0.480 

a 

3.84 

4.09 

0.151 

0.161 

26.67 

1.050 

Collector  connected  10  esse. 
CASE  11-01 
TO-3 


3-1012 


MJ15001  NPN 
MJ15002PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  ■=  25°C  uole»s  otherwise  noted.)  

Char.cteriitic  |      Symbol        |       Min  |        M««        |         Unit  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
Ur  -  200  mAdc,  la  -  0) 

VcEOIsusI 

140 

Vdc 

Collector  Cutoff  Current 

(  VCE  -  140  Vdc,  VBE(off)  =  1.5  Vdcl 

I  VCE  =  140  Vdc,  VBE(off ,  -  1 .5  Vdc,  TC  =  1 50°C) 

'CEX 

100 

2 

MAdc 
mAdc 

Collector  Cutoff  Current 
IVCE  =  140  Vdc,  lB  «0I 

ICEO 

250 

MAdc 

Emitter  Cutoff  Current 
IVEB  =  5Vdc,  IC»0) 

'EBO 

100 

MAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 
(VCE  =  40  Vdc,  t  =  1  s  (non-repetitive)) 
(VCE  -  100  Vdc,  t  =  Is  (non-repetitive) 

is/b 

- — i-s-. — -- 

Adc 

0.5 

ON  CHARACTERISTICS 

DC  Current  Gain 

(IC  =  4  Adc.VCE  =  2Vdc) 

nFE 

25 

150 

Collector-Emitter  Saturation  Voltage 
llc  =  4  Adc,  lB  -  0.4  Add 

vCEIsatl 

1 

Vdc 

Base-Emitter  On  Voltage 

(lc=4  Adc.  VCE  »2  Vdcl 

vBEIon) 

2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(IC  -  0.5  Adc,  VCE  =  10  Vdc,  ftcst  =  0.5  MHzl 

fy 

2 

MHz 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  -  0,  ftest  =  1  MHzl 

Cob 

1000 

pF 

(11  Pulse  Test:  Pulse  Width  =  300  ms.  Duty  Cycle  <  2%. 


FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 
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There  are  two  limitations  on  the  powerhandting  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  tc  —  ^CE  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  tran- 
sistor must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figure  1  is  based  on  Tj(p|<)  -  200°C;Tc  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  second  breakdown. 
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MJ15001NPN 
MJ15002PNP 


TYPICAL  CHARACTERISTICS 


FIGURE  2  -  CAPACITANCES  FIGURE  3  -  CURRENT-GAIN  -  BANDWIDTH  PRODUCT 
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3-1014 


® 


MOTOROLA 


MJ15003  npn 
MJ15004  pnp 


COMPLEMENTARY  SILICON  POWER  TRANSISTORS 


The  MJ15003  and  MJ15004  are  PowerBase  power  transistors 
designed  for  high  power  audio,  disk  head  positioners  and  other 
linear  applications. 


•  High  Safe  Operating  Area  (100%  Tested) 
250  W  @  50  V 


•  For  Low  Distortion  Complementary  Designs 

•  High  DC  Current  Gain  - 

hFE  -  25  (Min)  @  lc  =  5  Adc 


20  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

140  VOLTS 
2S0  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEOIsus) 

140 

Vdc 

Collector-Base  Voltage 

vCBO 

140 

Vdc 

Emitter-Base  Voltage 

VebO 

5 

Vdc 

Collector  Current  -  Continuous 

ic 

20 

Adc 

Base  Current  -  Continuous 

If 

5 

Adc 

Emitter  Current  -  Continuous 

If 

25 

Adc 

Total  Power  Dissipation  @  "!~c  =  25°C 
Derate  above  25°C 

PD 

250 
1.43 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TjTstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R0JC 

0.70 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/16"  from  Case  for  OOs. 

TL 

265 

°c 



 A  

h" — fl— 

i|>  c 

■ 

I 

PIN  t.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

I 

21.08 

0.830 

C 

635 

7  62 

0.250 

0  300 

D 

0.99 

1.09 

0.039 

0  043 

E 

3.43 

0  135 

F 

29.90 

30  40 

1.177 

1  197 

G 

10.67 

11.18 

0.420 

0  440 

H 

5.33 

5.59 

0  210 

0  220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0  440 

0.480 

a 

3.84 

4.09 

0.151 

0161 

R 

26.67 

1050 

Collector  connected  to  cm 
CASE  1101 


3-1015 


MJ15004  PNP 


'ELECTRICAL  CHARACTERISTICS  (Tc  .  25°C  unless  otherwise  noted  ] 


Characteristic 


Symbol 


Mix 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
IIC     200  mAdc.  IB  0] 

VcEOIsusI 

140 

Vdc 

Collector  Cutoff  Current 

1  VCe  =  '40  vd<:.  VBE(o„,  *  1.5  Vdc) 

1  VCE  =  140  Vdc.  VBE(offl  -  1 .5  Vdc,  TC  =  150°C) 

ICEX 

100 
2 

MAdc 
mAdc 

Collector  Cutoff  Current 
(VCE     140  Vdc.  IB  0) 

'CEO 

250 

MAdc 

Emitter  Cutoff  Current 
IVEB  =  5  Vdc.  Ic  •  0] 

'EBO 

100 

MAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 
(Vcf£  '  50  Vdc,  t  -  1  s  (non-repetitive) 
IVcE  *  100  Vdc.  t  =  1  s  (non-repetitive) 

'S/b 

5 
1 

Adc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(IC  =  5  Adc,  VCE  =  2  Vdc) 

"FE 

25 

150 

Collector-Emitter  Saturation  Voltage 
llc  -  5  Adc,  lB  ■  0  5  Adc) 

vCE(sat) 

1 

Vdc 

Base-Emitter  On  Voltage 

llc  =  5  Adc.  Vce  "  2  Vdc> 

^BE(on) 

2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product 

(lc    0.5Adc.VCE     lOVdc.  f,est    0.5  MHz) 

h 

2 

MHz 

Output  Capacitance 

IVCB  -  10  Vdc.  IE  -  0,  ftesT  =  1  MHz) 

Cob 

1000 

pF 

1 1 )  Pulse  Test  Pulse  Width     300  Ms,  Duty  Cycle  -  2' 


FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


Si 

1  ! 

> 

■  2 

H 

T 
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r 
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 BONDING  WIRE  L 1 M 1 T E 

"  THERMAL  LIMITATION 

0 

(blNULfc  rU LSfcJ 

btLUNU  B  HbAKUUWN  LIMITED 

I                CURVES  APPLY  BELOW  RATED  VcEO  ~* 

5      7      ID  20      30        50  70 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  powerhandling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  -  VQE  hrriits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  tran- 
sistor must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figure  1  is  based  on  Tjjp^)  =  200°C;  Tq  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  second  breakdown. 


3-1016 


MJ15003NPN  MJ15004PNP 

TYPICAL  CHARACTERISTICS 


FIGURE  2  -  CAPACITANCES  FIGURE  3  -  CURRENT  GAIN  -  BANDWIDTH  PRODUCT 


0  2      0  3        0  5    07      ]  2        3  5      7       10  20  0  2      0.3        0.5    0.7      I  2        3  5       7       10  2(1 


IE,  COLLECTOR  CURRENT  (AMP)  lc.  COLLECTOR  CURRENT  (AMP) 


FIGURE  5  -  "ON"  VOLTAGE 
MJ15003  MJ150U4 


3-1017 


NPN  PNP 

MJ15011  MJ15012 


MOTOROLA 


® 


Advance  Information 


COMPLEMENTARY  SILICON  POWER  TRANSISTORS 

The  MJ15011  and  MJ15012  are  PowerBase  power  transistors 
designed  for  high-power  audio,  disk  head  positioners,  and  other 
linear  applications.  These  devices  can  also  be  used  in  power 
switching  circuits  such  as  relay  or  solenoid  drivers,  dc-to-dc 
converters  or  inverters. 

•  High  Safe  Operating  Area  (100%  Tested) 

1.2  A  @  100  V 

•  Completely  Characterized  for  Linear  Operation 

•  High  DC  Current  Gain  and  Low  Saturation  Voltage 

hF£  *  20  (Min)  @  2  A,  2  V 

VCE(sat)  =  2  5  v  lMax'  @  lc  =  4  A,  lB  =  0.4  A 

•  For  Low  Distortion  Complementary  Designs 


10  AMPERE 

COMPLEMENTARY 
POWER  TRANSISTORS 

250  VOLTS 
200  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector  Emitter  Voltage 

VcEO(sus) 

250 

Vdc 

Collector-Emitter  Voltage 

VCEX 

250 

Vdc 

Emitter-Base  Voltage 

vEB 

5 

Vdc 

Collector  Current  -  Continuous 

•c 

10 

Adc 

-  Peak  (1) 

'cm 

15 

Base  Current  —  Continuous 

IB 

2 

Adc 

-Peak  111 

'bm 

5 

Emitter  Current  —  Continuous 

IE 

12 

Adc 

-  Peak  (11 

'em 

20 

Total  Power  Dissipation  @  Tc  =  25°C 

Pd 

200 

Watts 

Derate  above  25°C 

1.14 

W/°C 

Operating  and  Storage  Junction 

TJ-  Tstg 

-65  to  +200 

°c 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

0  875 

°c/w 

Maximum  Lead  Temperature  for 

TL 

265 

°c 

Soldering  Purposes 

( 1 1  Pulse  Test :  Pulse  Width  =  6  ms,  Duty  Cycle 

*  10%. 

STYLE  1 : 

PIN  I.  BASE  NOTE: 

2.  EMITTER  1.  DIM  "Q"  IS  0IA. 

CASE:  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21  OS 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.99 

1.09 

0.039 

0.043 

E 

343 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5  59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0  675 

K 

11.18 

1219 

0.440 

0  480 

0 

3.84 

4.09 

0.151 

0.161 

R 

26.67 

1.050 

Collector  connected  to 
CASE  11-01 
(TO-3) 


This  is  advance  information  and  specifications  are  subject  to  change  without  notice. 
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MJ15011  NPN,  MJ15012PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  ■  25°C  unless  otherwise  noted! 


Characteristic 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage  ( 1 ) 
(lc  -  100  mA) 

vCEO(susl 

250 

Vdc 

Collector  Cutoff  Current 
IVCE  -  200  Vdc) 

'ceo 

1 

mAdc 

Collector  Cutoff  Current 

(VCE  =  250  Vdc,  VBE(off)=  1.5  Vdc) 

'CEX 

500 

(lAdc 

Emitter  Cutoff  Current 
IVBE  -  5  Vdc) 

lEBO 

500 

MAdc 

ON  CHARACTERISTICS  (II 


DC  Current  Gain 

(lc  -  2  Adc.  VCE  •  2  Vdc) 
(lc  =  4  Adc,  VCE  -  2  Vdc) 

"FE 

20 
5 

100 

Collector-Emitter  Saturation  Voltage 
(lc  -  2  Adc,  lB  -  0.2  Add 
(IC  "  4  Adc.  IB  -  0.4  Adc) 

vCE(satl 

0.8 
2.5 

Vdc 

Base-Emitter  On  Voltage 

(lc  -  4  Adc,  VCE  -  2  Vdc) 

vBEIonl 

2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

IVCB  =  10  Vdc,  f  =  1  MHz) 

cob 

750 

pF 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

>S/b 

Adc 

(VCE  =40  Vdc,  t  -  0.5  s) 
IVCE  ■  100  Vdc,  t  -  0.5  s) 

5 
1.4 

111  Pulse  Test:  Pulse  Width  =  300  (is.  Duty  Cycle  -  2%. 


FIGURE  1  -  DC  CURRENT  GAIN 


1.5  1  2 

i.  COLLECTOR  CURRENT 


FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 

10  c 


3  05 

o 
o 
o 

02 

0.1 


 BONDING  WIRE  LIMIT 

 THERMAL  LIMIT  @  Tc  -  25°C 

(SINGLE  PULSE) 
  SECOND  BREAKDOWN  LIMIT 


15      20  30  50        70        100         150      200  300 

«CE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 
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NPN 

MJ15022 
MJ15024 


® 


MOTOROLA 


SILICON  POWER  TRANSISTORS 


The  MJ15022  and  MJ15024  are  PowerBase  power  transistors 
designed  for  high  power  audio,  disk  head  positioners  and  other 
linear  applications. 


High  Safe  Operating  Area  (100%  Tested)  - 
2  A  @  80  V 

High  DC  Current  Gain  - 

hFE  =  15  (Min)  @  lc  =  8  Adc 


16  AMPERE 

SILICON 
POWER  TRANSISTORS 

200  and  250  VOLTS 
250  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ15022 

MJ15024 

Unit 

Collector-Emitter  Voltage 

vCEO 

200 

250 

Vdc 

Collector-Base  Voltage 

vCBO 

350 

400 

Vdc 

Emitter-Base  Voltage 

vEBO 

5 

Vdc 

Collector-Emitter  Voltage 

VCEX 

400 

Vdc 

Collector  Current  —  Continuous 
Peak  (1) 

ic 

16 
30 

Adc 

Base  Current  —  Continuous 

IB 

5 

Adc 

Total  Power  Dissipation  @  Tc  -  25°C 
Derate  above  25°C 

Po 

250 
1.43 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R0JC 

0.70 

°c/w 

( 1 1  Pulse  Test:  Pulse  Width  =  5  ms,  Duty  Cycle  s  10%. 

h"  A 

c 

!  f- 

SEATING 

 0 

K 
I 

STYLE  t: 
PIN  1.  BASE 

2.  EMITTER 
CASE  COLLECTOR 


NOTE- 

I.  DIM'Q'ISDIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

B 

21.08 

0  830 

C 

6  35 

7.62 

0  250 

0  300 

0 

0.99 

1.09 

0.039 

0.043 

E 

3.43 

0.135 

F 

29.90 

30  40 

1  177 

1  197 

G 

1067 

11.18 

0420 

0440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3  84 

4.09 

0  151 

0.161 

R 

26.67 

1.050 

Collector  connected  lo  case 
CASE  1-04 
(TO  204AA) 
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MJ15022,  MJ15024  NPN 


ELECTRICAL  CHARACTERISTICS  !TC  -  25°C  unless  otherwise  noted. I  

|  Char.ctwi«ic  |       Symbol  Min  M««  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (11 

(lc  =  100  mAdc,  lB  ■  0)  MJ15022 

MJ15024 

vCEO(susl 

200 
250 

Collector  Cutoff  Current 

IVCE  ■  200  Vdc.  VB£(0ff|  --  1.5  Vdc)  MJ15022 
(VCE  ■  250  Vdc.  VfjEloff)  "  '-5  vdcl  MJ15024 

'CEX 

250 
250 

MAdc 

Collector  Cutoff  Current 

(VCe  -  150  Vdc.  IB  «  01  MJ15022 
(VCE  -  200  Vdc,  lB  =  01  MJ1S024 

'CEO 

500 
500 

uAdc 

Emitter  Cutoff  Current 

IVCE  ■=  5Vdc.  IB  =  01  Both 

'EBO 

500 

uAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

(Vce  =  50  Vdc,  t  =  0.5  s  (non-repetitive)} 
(Vce  =  80  Vdc,  t  =  0.5  s  (non-repetitive)  I 

'S/b 

5 
2 

Adc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(lc  =  8  Adc.  VCE  =  4  Vdcl 
(lc  -  16  Adc,  VCE  ■  4  Vdcl 

hFE 

15 
5 

60 

Collector-Emitter  Saturation  Voltage 
llc  -  8  Adc,  lB  =  0.8  Adc) 
(lc  =  16  Adc.  IB  =  3.2  Adc) 

vCEIsat) 

1.4 
4.0 

Vdc 

Base-Emitter  On  Voltage 

(IC  -8  Adc,  VCE  =  4  Vdc) 

vBEIon) 

2.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product 

(IC  *  1  Adc,  Vce  ■  10  Vdc.  fteSt  -  1  MHz) 

'T 

4 

MHz 

Output  Capacitance 

<VCB  -  10  Vdc.  IE  -  0.  ftest  ■=  1  MHz) 

Cob 

500 

pF 

(1)  Pulse  Test:  Pulse  Width  =  300  jis.  Duty  Cycle  <  2%. 


There  are  two  limitations  on  the  powerhandling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  Vf;£  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  tran- 
sistor must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figure  1  is  based  on  Tj(pk)  =  200°C;Tc  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  second  breakdown. 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 

TOO  f". 
SO 


I  20 

|  5.0 


  Bonding  Wne  Limited 

 —   Theimal  limiianon 

(Single  Pulse) 
  Second  Bieakdown  L. 


±1 


0  1      0  2         05      10       20         50     100         250     500    1  k 
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MJ15022,  MJ15024NPN 


TYPICAL  CHARACTERISTICS 


FIGURE  2  -  CAPACITANCES  FIGURE  3  -  CU R RENT-GAIN  — BANDWIDTH  PRODUCT 


3-1022 


® 


PNP 

MJ15023 

MOTOROLA  MJ 15025 


16  AMPERE 

SILICON  POWER  TRANSISTORS 

SILICON 

POWER  TRANSISTORS 

The  MJT5023  and  MJ15025  are  PowerBase  power  transistors 

designed  for  high  power  audio,  disk  head  positioners  and  other 
linear  applications. 

200  and  250  VOLTS 
250  WATTS 

•  High  Safe  Operating  Area  1100%  Testedl  - 

2  A  @  80  V 

•  High  DC  Current  Gain  - 

hFE  1  15  (Min)  <°>  lc  «  8  Adc 

MAXIMUM  RATINGS 

Rating 

Symbol 

MJ  15023 

MJ15025 

Unit 

Collector-Emitter  Voltage 

vCEO 

200 

250 

Vdc 

Collector-Base  Voltage 

vCBO 

350 

400 

Vdc 

Emitter-Base  Voltage 

vEBO 

5 

Vdc 

Collector-Emitter  Voltage 

VCEX 

400 

Vdc 

Collectoi  Current  -  Continuous 
Peak  (11 

ic 

16 
30 

Adc 

Base  Current  -  Continuous 

'B 

5 

Adc 

Total  Power  Dissipation  @      "  25°C 
Derate  above  25°C 

pD 

250 
1.43 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  *200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

RnjC 

0  70 

°c  w 

111  Pulse  Test  Pulse  Width  ■  5  ms.  Duty  Cycle  -  10%. 

SEATING  PLANE 


EE 


STYLE  I 

PIN  1  BASE 

2  EMITTER 
CASE  COLLECTOR 


NOTE 

1    OIM-0"  ISDIA 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.37 

1.550 

1 

21.08  j 

0.830 

C 

6  35 

7.62 

0  250 

0300 

D 

0.9? 

1.09 

0.038 

0  043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15  BSC 

1.187  BSC 

G 

10.92  BSC 

0.430  BSC 

H 

5.46  BSC 

0.215  BSC 

J 

16.8 

BSC 

0.66 

j  BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0  165 

R 

26.67 

1.050 

|| 

2.54 

305 

0.100 

0.120 

V 

3,81 

4.19 

0.150 

0.165 

CASE  1-04 
(TO  204AAI 
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MJ 15023,  MJ 15025 


ELECTRICAL  CHARACTERISTICS  ITC  =  25°C  unless  otherwise  noted.) 

|  Characteristic  |       Symbol  Min  Max        |  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  11) 

(lc  =  100  mAdc.  Ib  -  0)  MJ15023 

MJ 15025 

VcEOIsus) 

200 
250 

Collector  Cutoff  Current 

lvCE  =  200  Vdc.  VBE|0ff|  ■  1.5  Vdcl  MJ15023 
IVce  "  250  Vdc.  VBr£(off)  -  1.5  Vdcl  MJ15025 

'CEX 

250 
250 

MAdc 

Collector  Cutoff  Current 

(VCE  =  150  Vdc.  IB  •  0)  MJ15023 
(VCE  =  200  Vdc,  lB  =01  MJ15025 

'CEO 

500 
500 

MAdc 

Emitter  Cutoff  Current 

(VCE  -  5  Vdc.  IB  ■  01  Both 

lEBO 

500 

MAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

(Vqe  =  50  Vdc.  t  =  0.5  s  (non-repetitivel) 
(VcE  =  80  Vdc.  t  -  0.5  s  (non-repetitive)) 

'S/b 

5 
2 

Adc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(lc  r  8  Adc.  Vce  "  4  Vdcl 
(lc  =  16  Adc,  VCE  =  4  Vdcl 

nFE 

15 
5 

60 

Collector-Emitter  Saturation  Voltage 

(lc  -  8  Adc,  Ib  -  0.8  Add 
ilc  =  16  Adc,  lB  »  3  2  Add 

vCE(sat) 

1.4 
4.0 

Vdc 

Base-Emitter  On  Voltage 

llc  -8  Adc,  VCE  -  4  Vdcl 

vBEIonl 

2.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product 

(IC  ■  1  Adc.  VCE  -  10  Vdc.  fIes,  ■  1  MHz) 

'T 

4 

MHz 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  -0,  f,es,  =  1  MHz) 

cob 

600 

pF 

(1)  Pulse  Test:  Pulse  Width  -  300  us,  Duty  Cycle  <  2%. 


FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  powerhandling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  ^CE  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  tran- 
sistor must  not  be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figure  1  is  based  on  Tj(pt<)  =  200°C;Tc  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  second  breakdown. 
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MJ15023,  MJ15025 

vIOTC 


MJ 15026  NPN 
MJ15027  PNP 


® 


■ 

MOTOROLA 


SILICON  POWER  TRANSISTORS 


The  MJ15026  and  MJ15027  are  PowerBase  transistors 
designed  for  high  power  audio,  disk  head  positioners  and  other 
linear  applications. 

•  High  Gain.  Complimentary  Silicon  Power  Transistors  for  Audio 

and  Other  Power  Amplifiers 

•  High  Safe  Operating  Area  (100%  Tested) 

50  V—  5.0  A 
80  V  —  2.0  A 


Excellent  Frequency  Response 
fj=  24  MHz  (Typ) 


16  AMPERE 

SILICON 
POWER  TRANSISTORS 

200  VOLTS 
NPN  and  PNP 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEO 

200 

Vdc 

Collector-Base  Voltage 

vCBO 

200 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  —  Continuous 
—  Peakd) 

ic 

16 

32 

Adc 

Base  Current  —  Continuous 

IB 

70 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

PD 

250 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R6JC 

0.7 

°C/W 

(11  Pulse  Tost:  Pulse  Widlh  =5  0  ms.  Duty  Cycles  10%. 







J- 


SEATING  PLANE  - 


STYLE  1 

PIN  t.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39,37 

1.550 

B 

21.08 

O830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.043 

E 

1.40 

1.78 

■m- 

0  070 

F 

29.90 

30.40 

t.177 

1.IS7 

G 

10.67 

11.18 

0.420 

0440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.656 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.81 

4.19 

0.150 

0.165 

R 

28.67 

u 

2.54 

3.05 

0.100 

m 

CASE  1-04 
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MJ15026  NPN,  MJ15027  PIMP 


ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  otherwise  noted) 


Characteristic 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1 ) 
dC  =  20  mA.  IB  =  0) 

vCE0(sus| 

200 

Vdc 

Collector  Cutoff  Current 
(VCE  =  200  Vdc,  VBE(0,f)  =  ,  5  Vdc) 

'CEX 

10 

mA 

Collector  Cutoff  Current 
(VCE=  120  Vdc.  IB  =  0) 

'CEO 

10 

mA 

Emitter  Cutoff  Current 
(VCE=5  0V,  lB  =  OI 

lEBO 

1.0 

mA 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward-Biased 

ls/b 

Adc 

(VcE  =  50  Vdc,  t  =  0.5  s  (non-repetitive)) 

5.0 

(VcE  =  80  Vdc.  t  =  0.5  s  (non-repetitive)) 

2.0 

•ON  CHARACTERISTICS 


DC  Current  Gain 

Oc  =  5.0  Adc.  VqE  =  5.0  V) 
(IC=  16  Adc.  VCE  =  5.0  V) 

"FE 

25 

6.0 

150 

Collector-Emitter  Saturation  Voltage 
(lc  =  5.0  Adc.  IB  =  0.5  Adc) 
lc=  16  Adc,  lB  =  4.0  Adc) 

vCE(sat) 

1.0 
30 

Vdc 

Base-Emitter  On  Voltage 
(lc  =  5.0  Adc,  Vce  =5.0  Vdc) 

vBE(sat) 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  —  Bandwidth  Product 
(IC  =  1 .0  Adc.  Vce  =  1 0  Vdc.  'test  =  1  0  MHz> 

15 

MHz 

Output  Capacitance 
(VCB  =  1 0  Vdc.  IE  =  0.  f,est  =  1 .0  MHz) 

cob 

750 

pF 

(1 1  Pulae  T«tt:  PulM  Width  =  300  ,.s.  Duty  Cycle  «  2% 


FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


3  0  10  30  100  300 

VC£.  COLLECTOR-EMITTER  VOLTAGE  (VQLTSI 


1000 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  lunction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc — Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(pk)  =  200°C;  Tc  is 
variable  depending  on  conditions.  At  high  case  tempera- 
tures, thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by 
second  breakdown 
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MJ15026  NPN,  MJ15027  PNP 


TYPICAL  ELECTRICAL  CHARACTERISTICS 
MJ15026  NPN  MJ15027  PNP 

FIGURE  2  -  DC  CURRENT  GAIN  FIGURE  3  —  DC  CURRENT  GAIN 


0.02  0  1      0.2  10      2.0  10  20 

lc,  COLLECTOR  CURRENT  (AMPS) 


FIGURE  4  -  COLLECTOR  SATURATION  REGION 


0.02      0.05    0.1      0.2        0.5     1.0      2.0        5.0     10  20 
lc.  COLLECTOR  CURRENT  (AMPSI 


FIGURE  5  -  COLLECTOR  SATURATION  REGION 


-Tj 

2b 

>l 

C  : 

1 

6 

(  .; 

C 

8 

0  A 

_T 

J  ' 

25 

C 

;  'c 

=  4 

0  A 

! 
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 1  CURRENT  (AMP) 


FIGURE  6  -  "ON"  VOLTAGE 


0.02      0.05     0.1      0  2       0  5      10      2  0       5  0     10  20 
lc.  COLLECTOR  CURRENT  (AMPS) 


Tj  =  25°C 


IC  =  4.0  A 


lC  =  8.0  A 


001  0.1  10 

IB.  BASE  CURRENT  (AMPS) 


FIGURE  7  —  "ON"  VOLTAGE 


rr 

Tj  =  25°C 


l[  =  16  A 


2  0 

1 

S  12 
< 

I  08 
04 


0  02  0  04      0  1      0  2     0.4        1.0     2.0  4.0 
lc.  COLLECTOR  CURRENT  (AMPS) 


\ 

"Tj 

-  25°C 

1 

-Tj 

=  100°C 

If 

E(on 

VCE  = 

5  0 

n 

1  Ic'lB 

=  11 

- 

10  20 
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MJ15026  NPN,  MJ15027  PNP 


TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 


MJ15026  NPN 

FIGURE  8  —  CURRENT  GAIN-BANDWIDTH  PRODUCT 

,00F 

1 

E3 


1  10 

3 


js  1.0 


wLt  -  1 u  v 

f,„,  =  1.0  MHz  - 
Ti  =  25°C 

; 

Id 

0.02      0.05     0.1     0.2        0.5      1.0     2.0        5.0      10  20 
lc.  COLLECTOR  CURRENT  (AMPS) 


MJ15027  PNP 
FIGURE  9  -  CURRENT  GAIN-BANDWIDTH  PRODUCT 


tf  1.0L 

0.02      0  05     0.1     0.2        0.5      1.0     2.0        5.0      10  20 
IC.  COLLECTOR  CURRENT  |AMPSI 


FIGURE  10  -  CAPACITANCE  VARIATION 


10  100 
VR.  REVERSE  VOLTAGE  (VOLTS) 


1000 


FIGURE  1 1  -  CAPACITANCE  VARIATION 


Tj  =  25°C 


1.0 


10  100 
Vr.  REVERSE  VOLTAGE  (VOLTS) 


1000 


FIGURE  1 2  -  TYPICAL  THERMAL  RESPONSE 
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M  J 16002 
MJ 16004 


ffi)  MOTOROLA 


Designers  Data.  Sheet 


SWITCHMODE  III  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  transistors  are  designed  for  high -voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  is  critical.  They 
are  particularly  suited  for  line-operated  switchmode  applications. 
The  MJ16004  is  a  selected  high-gain  version  of  the  MJ1  6002  for 
applications  where  drive  current  is  limited. 

Typical  Applications: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 


•  Fast  Turn-Off  Times 

50  ns  Inductive  Fall  Time  —  75°C  {Typ) 

70  ns  Inductive  Crossover  Time  —  75°C  (Typ) 

500  ns  Inductive  Storage  Time  —  75°C  (Typ) 

•  Operating  Temperature  Range  -65  to  +200°C 

•  100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


5  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

450  VOLTS 
125  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
worst  case"  design. 


MAXIMUM  RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter  Base  Voltage 

VEB 

60 

Vdc 

Collector  Current  —  Continuous 
-Peak(l) 

ic 

'CM 

50 
10 

Adc 

Base  Current  —  Continuous 
—  Peak (1) 

IB 
IBM 

4.0 
80 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
@  TC=  100°C 

Derate  above  25°C 

PD 

125 
716 
0.714 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  *200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

Rejc 

1.4 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1)  Pulse  Test    Pulse  width  =  5  ms.  Duty  Cycle  C  10% 


NOTES 

1  DIMENSIONS  Q  AND  V  ARE 0ATUMS 

2  m  IS  SEATING  PLANE  ANO  DATUM 

3  POSITIONAL  TOLERANCE  FOR 
MOUNTIHG  HOLE  0 

|  ♦  |H3flMHBt©  1t|v©| 

FOR  LEAPS  

|  ♦  |  «.13IO.D05)®T  |  V©I  QQj 


OlM 

WILLI 
MIN 

rlETERS 
MAX 

INC 
MIN 

HES 
MAI 

A 

C 

6  35 

39.37 
21  08 
7  62 

0  250 

1.5S0 
0  830 
0  300 

° 

E 

a  9? 

1.09 

ris 

::■  cw  j 

5  IS  BSC 
IE  S  BSC 

0.665  BSC 

K 

D 

ii  ia 

3  81 

12  19 
4.19 

0  440 

0  ISO 

0  480 

0  165 

H 
U 

*  S3 

3  81 

26  67 
5  33 
4,9 

0  190 

l  050 
0  .MO 
0165 

CASE  1-05  TO-3  TYPE 


MJ16002,  MJ16004 


MJ 16002 

ELECTRICAL  CHARACTERISTICS  [Tc  =  25°C  unless  otherwise  noted)  

Ch.racteristic  |    Symbol    |     Min      |      Typ       |     Max     |      Unit  | 


OFF  CHARACTERISTICS  (1) 


Collector-Emitter  Sustaining  Voltage  (Table  2| 

vCEOIsusl 

450 

Vdc 

(lc=100mA.IB  =  0) 

Collector  Cutoff  Current 
(VCEV  =  850  Vdc.  VBE(off)  =  1  5  Vdc| 
(VCEV  f  850  Vdc.  VBE(of„  =  1 .5  Vdc,  TC  =  100°CI 

ICEV 

0.25 
1.5 

mAdc 

Collector  Cutoff  Current 
|VCE  =  850  Vdc.  RBE  =  50  fl.  TC  =  100°C) 

!CER 

2.5 

mAdc 

Emitter  Cutoff  Current 
|VEB  =  6  0  Vdc.  IC  =  0) 

lEBO 

1.0 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

"S/b 

See  Figure  1  5 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  16 

I  1 

ON  CHARACTERISTICS  HI 


Collector-Emitter  Saturation  Voltage 

vCE(sat) 

Vdc 

(lc  =  15  Adc.  IB=  0.2  Adc) 

1.0 

|lc  =  3.0  Adc,  lB  =  0.4  Adc) 

2.5 

(lC  =3.0  Adc.  IB  =  0  4  Adc.  Tc  =  1 00°C) 

2.5 

Base-Emitter  Saturation  Voltage 

vBE(sat) 

Vdc 

|lc  =  3  0  Adc.  IB  =  0  4  Adc) 

1.5 

(lc  =  3.0  Adc,  lB  =  0  4  Adc.  Tc  =  100°C) 

1.5 

DC  Current  Gain 

nFE 

5.0 

|IC  =  5.0  Adc.  VCE  =  5.0  Vdc 





DYNAMIC  CHARACTERISTICS 


Output  Capacitance 

cob 

200 

pF 

(VCB  =  10  Vdc,  lE  =  0.ftes,=  10  kHz) 

SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1 ) 

Delay  Time 

(lc  =  3  0  Adc. 
Vec  =  250  Vdc. 
IB1  =  0.4  Adc, 
PW  =  30  ,,s, 
Duty  Cycle  <2.0%) 

(lB2  =  0  8  Adc, 
RB2  =  8.0n) 

Id 

30 

100 

ns 

Rise  Time 

'r 

100 

300 

Storage  Time 

>s 

1000 

3000 

Fall  Time 

'f 

60 

300 

Storage  Time 

(VBE|off)=5.0Vdc) 

's 

400 

Fall  Time 

>f 

130 

Inductive  Load  (Table  2) 

Storage  Time 

fsv 

500 

1600 

ns 

Fall  Time 

(lc  =  3.0  Adc. 

(Tj=  100°C) 

<fi 

100 

200 

Crossover  Time 

IB1  =  0.4  Adc. 
VBE(off)  =  5.0  Vdc, 
VCE(pk)  =  *00Vdc) 

'c 

120 

250 

Storage  Time 

(Tj=  150°CI 

Isv 

600 

Fall  Time 

'fi 

120 

Crossover  Time 

tc 

160 

(1 )  Pulse  Test  PW  -  300  „s.  Duty  Cycle  €2%. 
*  'B1 
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MJ16002,  MJ16004 


M  J 16004 

ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  otherwise  notedl  

Characteristic  Symbol  Min  Typ  Max  Unit 


OFF  CHARACTERISTICS  ID 


Collector-Emitter  Sustaining  Voltage  (Table  2) 
(lc=  100  mA,  lB  =  0) 

vCE0(sus) 

450 

Vdc 

Collector  Cutoff  Current 
|VCEV  •  850  Vdc.  VBE(o(f)  =15  Vdc| 
(VcEV  =  850  Vdc.  VBE(0ff)  =1.5  Vdc.  Tc  =  1 00°C) 

ICEV 

0.25 
1.5 

mAdc 

Collector  Cutoff  Current 

'CER 

2.5 

mAdc 

(VCE  6  850  Vdc.  RBE  =  50  fl.  Tc  »  1 00°C) 

Emitter  Cutoff  Current 
(VEB  =  6  0  Vdc.  Ic  =  0) 

!eB0 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

IS/b 

See  Figure  1 5 

Clamped  Inductive  SOAwith  Base  Reverse  Biased 

RBSOA 

See  Figure  1 6 

ON  CHARACTERISTICS  (1 ) 


Collector-Emitter  Saturation  Voltage 
(lc  =  1.5  Adc,  lB=  0.15  Adc) 
dC=  3.0  Adc,  lB  =  0.3  Adc) 
(lc  =  3  0  Adc.  IB  =  0.3  Adc,  Tc  =  100°C) 

vCE(sat) 

1.0 
2  5 
2  5 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  =  3.0  Adc.  IB=  0.3  Adc) 
(lc  =  3.0  Adc.  IB  -  0.3  Adc,  Tc  =  100°C) 

vBE(satl 

1.5 
1.5 

Vdc 

DC  Current  Gain 
(lC=5  0Adc.  VCE  =  5  0Vdc 

nFE 

70 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc.  IE  *  0,  ftes,  =  1 .0  kHz) 

C0b 

200 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

(lc=  3.0  Adc, 
VCC  =  250  Vdc. 
IB1  =  0.3  Adc. 
PW  =  30  us. 
Duty  Cycle  st2.0%) 

(lB2  =  0.6  Adc, 
RB2  =  8  0  n) 

td 

30 

100 

ns 

Rise  Time 

tr 

130 

300 

Storage  Time 

Is 

800 

2700 

Fall  Time 

<f 

80 

350 

Storage  Time 

IVBE(off)  =  5.0  Vdc) 

's 

250 

Fall  Time 

tf 

60 

■  — 

Inductive  Load  (Table  2) 

Storage  Time 

0C=  3.0  Adc, 
IB1  =  0.3  Adc, 

(Tj=  100°C) 

<SV 

400 

1300 

ns 

Fall  Time 

tf  i 

80 

150 

Crossover  Time 

tc 

90 

200 

Storage  Time 

VBE(off)  =  5.0  Vdc, 
VcE(pk)=0OOVdc) 

(Tj=  150°C| 

tsv 

450 

Fall  Time 

tfl 

100 

Crossover  Time 

tc 

110 

(1)  Pulse  Test.  PW  -  300  „s.  Duty  Cycle  «% 
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MJ16002,  MJ16004 


FIGURE  3  -  COLLECTOR- EMITTER  SATURATION  VOLTAGE 

5  0 

I  3°' 
1    2  0- 


FIGURE  4  -  BASE  EMITTER  VOLTAGE 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 


-0  2  0  .0.2  »0«  *0.6 

VBE.  BASE  EMITTER  VOLTAGE  (VOLTSI 


01  1.0  10  II 

Vfl.  REVERSE  VOLTAGE  (VOLTS) 


3-1033 


MJ16002.  MJ16004 


TYPICAL  DYNAMIC  CHARACTERISTICS 


FIGURE  7  -  STORAGE  TIME 


FIGURE  8  -  STORAGE  TIME 
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FIGURE  9  -  COLLECTOR  CURRENT  FALL  TIME 


FIGURE  10  -  COLLECTOR  CURRENT  FALL  TIME 
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MJ16002,  MJ16004 


FIGURE  13  —  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  14  -  PEAK  REVERSE  BASE  CURRENT 
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GUARANTEED  SAFE  OPERATING  AREA  LIMITS 


FIGURE  15  —  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


FIGURE  16  -  MAXIMUM  REVERSE  BIAS 
SAFE  OPERATING  AREA 
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100    200  500  700  860 

VCE(pk).  PEAK  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q— Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  15  is  based  on  Tc  =  25°C;  Tj(p|(| 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  whenTc>  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 5  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  18. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  17 
At  high  case  temperatures,  thermal  limitations  will  reduce 


SAFE  OPERATING  AREA  INFORMATION 


the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base-to-emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1 6 
gives  the  RBSOA  characteristics. 
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FIGURE  17  -  THERMAL  RESPONSE 


20     30       50  I00         200    300     500        !000  2000 


FIGURE  18  -  POWER  DERATING 


£  80 


- 

Second  Breakdown 

r  Derating 

Therma 
Deratm 

9 

td  and  tr 


»0  80  120  ISO 

Tc  CASE  lEMPEflATUHE  l»CI 


TABLE  1  -  RESISTIVE  LOAD  SWITCHING 


♦  Vdc  «  1  1  Vdc 


H  P  214 


Equiv 
PG 


50 


•IB 


•ic 


i 


w         UJ     Kt  u  t 


RB=33fl 


=©— I 

' T       Rl  s 

vCc  A 


1  1 


Vcc  »  250  Vdc 
Rl  =  83(1 
lC=3.0Adc 
lB  -  0  3  Adc 


tf  sJ15  ns 


"Tektronix 
P  6042  or 
Equivalent 


2N5337 


zffl: 


■ic 


Vcc  ^ 

I 


VCC=250  lB1=0.3Adc  RB1=33n 

RL=83fl  lB2=0.6Adc  RB2=8.0n 

lc=3.0Adc         ForVBE(orf|=5.0VRB2  =  0n 


1- 


•  Note  Ad/ust  -V  to  obtain  desired  VBE(0ff )  at  Point  A 


MJ16002,  MJ16004 


TABLE  2  -  INDUCTIVE  LOAD  SWITCHING 


H  P  214 
or  Equiv 
PG 


0  , 

35  V 


— *vW  

20 

^  10MF 


"f" 


0  02MF 
— Jl— 


o  +  v  -  1 1  v 


2N6191 


Rbi 


7ri  0  02„F 
1  0/jF 

-4P~ 


^500 


I  «B2  * 


'C(pk) 


ov- 


T        koil  "Cpkl 

'  -  vcc 

Ti  adjusted  to  obtain  iQpk) 


vCE(pk)  ■ 


VCE- 


vclamp     =  Vcc 


,  'si 


BVCEO 

L  =  10  mH 

RB2  =  » 

VCc  =  20  Vohs 


'Tektronix 
P-6042  or 
Equivalent 


Inductive  Switching 

L  =  200  „  H 

RB2  =  0 

VCc  =  20  Volls 

R B 1  selected  for  desired  Igi 

Scope  -  Tektronix 
7403  or 
Equivalent 


FtBSOA 

L  =  200  tfH 

RB2  =  0 

Vcc  =  20  Volts 

Rgl  selected  for  desired  Igt 


Note:  Ad|ust  -V  to  obtain  desired  VgEfoff)  al  Polnt  A 
TYPICAL  INDUCTIVE  SWITCHING  WAVEFORMS 


'Clpk)  =  3-0  Amps 
lgl  =  0.3  Amp 

VflEloffl  =  5  0  v°"s 
Ml     VCE(pkr  300  Volts 
1  Tc=  25°C 
Time  Base  = 
20  ns/cm 


'C(pk)  =  3.0  Amps 
Igi  =  0.3  Amp 
vBE(off)  =  5.0  Volts 
vCEIpk|  =  300  Volts 
TC=25°C 
Time  Base  = 
20  ns/cm 
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Designer's  Data  Sheet 


SWITCHMODE  III  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  transistors  are  designed  for  high-voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  is  critical.  They 
are  particularly  suited  for  line-operated  switchmode  applications. 

Typical  Applications: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 


Deflection  Circuits 


Features: 

•  Fast  Turn-Off  Times 

100  ns  Inductive  Fall  Time  —  100°C  (Typ) 

120  ns  Inductive  Crossover  Time  —  100°C  (Typ) 

500  ns  Inductive  Storage  Time  —  100°C  (Typ) 

•  Operating  Temperature  Range  -65  to  +200°C 

•  100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  L 
Saturation  Voltages 
Leakage  Currents 


5.0  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

1000  VOLTS 
100  W  -  500  W 


MAXIMUM  RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

500 

Vdc 

Collector-Emitter  Voltage 

VCEV 

1000 

Vdc 

Emitter-Base  Voltage 

VEB 

60 

Vdc 

Collector  Current  —  Continuous 
—  Peakd) 

icCM 

5.0 
10 

Adc 

Base  Current  —  Continuous 
—  Peak(1 ) 

!b 

!bM 

4.0 
80 

Adc 

Total  Power  Dissipation  @  1q  =  25°C 
@TC=  100°C 

Derate  above  25°C 

pd 

100 
40 

0.833 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 


Symbol 


R9JC 


Max 


275 


(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycles  10%. 


MJ16006A 


■  ■ 


R  STYLE  1 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


NOTES: 

1.  DIMENSIONS  0  AND  V  ARE  OATUMS. 

2.  CD  IS  SEATING  PLANE  AND  0ATUM. 
3  POSITIONAL  TOLERANCE  FOR 

MOUNTING  HOLE  0: 

FJvg] 


■^■»T7iTr^»MTnTjTjBM 
1  IB"  |    MM  i'  II I  M 


I  ♦  I  »-i3  m' 

FOB  i  I  MB 
|   ♦  |  |.13[0.QO5l©T  |  V®  |  0®J 


CASE  1-05 
TO-204AA 
(Formerly  TO-3) 


01M 

ETERS 

INCHES 

MIH 

MAX 

MIH 

MAX 

A 

21  OS 

0  800 

q  e  jg 

S 

15*9 

OFvC 

0  BZ6 

c 

*  19 

5  08 

:  165 

0  200 

D 

1  02 

1  65 

OfHO 

0  065 

E 

1.35 

i  65 

(1  053 

0  065 

G 

521 

5.72 

0  205 

0  5 IS 

H 

2.41 

3  20 

0  or: 

0  128 

■  ■liL'IBt'lII'Mf  IJJJ 

STYLE  I 

PIN  I  BASE 

2  COLLECTOfl 

3  EMITTER 

*  COLLECTOfl 


SWITCHMODE  and  Designer's  are  trademarks  of  Motorola  Inc. 
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MJ 16002 A 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 
OFF  CHARACTERISTICS  {1 1 

Symbol     |     Min            Typ            Max  Unit 

Collector-Emitter  Sustaining  Voltage  (Table  2) 
(lc=  100  mA,  lB=  0) 

vCE0(sus] 

500 

Vdc 

Collector  Cutoff  Current 
(VCEV  =  1000  Vdc.  VBE(0ff)  =  1-5  Vdc) 
(VCEV=  1000  Vdc.  VBE|off|  =  1.5Vdc.TC=  100°C) 

!CEV 

025 
15 

mAdc 

Collector  Cutoff  Current 
|VCE  =  850  Vdc.  RBE  =  50  11.  Tc  =  100°C) 

'CER 

2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc.  Ic  =  0) 

!EB0 

1.0 

mAdc 

SECOND  BREAKDOWN 

 .  .  .  .  .  

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

!s/b 

See  Figure  15 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  16 

ON  CHARACTERISTICS  (1) 

Collector-Emitter  Saturation  Voltage 
(lc=  1.5Adc,  lB  =  0.2Adc) 
(IC=  3.0  Adc,  lB  =  0.4  Adc) 
dC  =  3.0  Adc,  Ib  =  0.4  Adc,  Tc  =  1 00°C) 

vCE(sat) 

1.0 
2.5 
2  5 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC- 3.0  Adc,  lB  =  0.4  Adc) 
(lC  =  3.0  Adc,  lB  =  0.4  Adc,  Tc  =  1 00°C) 

vBE|sat) 

1.5 
15 

Vdc 

DC  Current  Gain 
(lc=5.0  Adc,  VCE  =  5.0  Vdc 

nFE 

50 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc,  Ie  =  0,  ftest  =  1 .0  kHz) 

cob 

200 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

dC=  3.0  Adc, 
VCC  "  250  Vdc. 
IB1  -  0  4  Adc, 
PW  =  30  ^s, 
Dutv  Cycle  <2.0%) 

(lB2  =  0.8  Adc. 
RB2  =  8.0  n> 

>d 

30 

100 

ns 

Rise  Time 

tr 

100 

300 

Storage  Time 

's 

1000 

3000 

Fall  Time 

'f 

60 

300 

Storage  Time 

IVBE(off)=50Vdc) 

's 

400 

Fall  Time 

If 

130 

Inductive  Load  (Table  2) 

Storage  Time 

|lc=  3.0  Adc, 
lBl  =  0  4  Adc, 
VBE(off)=50Vdc. 
VcE(pk)=400Vdc) 

(Tj=  100°C) 

<SV 

500 

1600 

ns 

Fall  Time 

tfi 

100 

200 

Crossover  Time 

<c 

120 

250 

Storage  Time 

(Tj=  150°C) 

<sv 

600 

Fall  Time 

Ifi 

120 

Crossover  Time 

<c 

160 

(1)  Pulse  Tesi:  PW  -  300  Ms.  Duty  Cycle  ^2%. 
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TYPICAL  STATIC  CHARACTERISTICS 
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TYPICAL  DYNAMIC  CHARACTERISTICS 


FIGURE  7  -  STORAGE  TIME 


FIGURE  8  -  STORAGE  TIME 


In.  COLLECTOR  CURRENT  (AMPS) 


t.O  2  0  3.0 

lC.  COLLECTOR  CURRENT  (AMPS! 


FIGURE  9  -  COLLECTOR  CURRENT  FALL  TIME 


1 000 


l.O  2  0  3.0 

lC.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  10  -  COLLECTOR  CURRENT  FALL  TIME 


5  0  0.5         0  7 


1  0  20  30  5.0 

lC.  COLLECTOR  CURRENT  IAMPS! 


FIGURE  11  -  CROSSOVER  TIME 


FIGURE  12      CROSSOVER  TIME 


0  5         0.7  1  0  2  0  3  0  5  0 

IC.  COLLECTOR  CURRENT  (AMPS) 

'C 


•Br- 


1.0  2.0  3  0 

lc.  COLLECTOR  CURRENT  (AMPS) 


lB1 
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FIGURE  13  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  14  -  PEAK  REVERSE  BASE  CURRENT 


5.0        60       7  0  80 


0  1.0 

VBE|„|f).  REVERSE  BASE  VOLTAGE  (VOLTSI 
GUARANTEED  SAFE  OPERATING  AREA  LIMITS 


FIGURE  15  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


FIGURE  16  -  MAXIMUM  REVERSE  BIAS 
SAFE  OPERATING  AREA 


5.0  7.0    10  20  50   70    100  200 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTSI 

ic 


ft 

S  4.0- 
s:  100' 

C 

Tj 

)ft)  =  1 

0  to  5. 

iv-_ 

E(off| ; 

0V' 

Vf 

100     200  500  700 

VCE(pk).  PEAK  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI 


•0r- 


■bi 


SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q — Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  15  is  based  on  Trj  =  25°C;  Tj(p|<) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Jq  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 5  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 8. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  17. 
At  high  case  temperatures,  thermal  limitations  will  reduce 


the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneouslyduring  turn-off,  in  most 
cases,  with  the  base-to-emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1 6 
gives  the  RBSOA  characteristics. 
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FIGURE  17  -  THERMAL  RESPONSE 
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TABLE  1  -  RESISTIVE  LOAD  SWITCHING 

td  and  t. 


RB  =  33  !1 


•IG 


1 

vcc  ± 


1 


Vcc  =  250  Vdc 
R|_  =  83  !! 
Ic=  3.0  Adc 
lB  =  0  3  Adc 


tr  <  1  5  ns 


•Tektronix  AM503 
P6302  or  Equivalent 


-  -35  V 


Equiv 

P  G. 


tsandtf        100  i 


20 

_wv- 


OtVdc  «■  1  1  Vdc 


^  '002WF 
10„F 


;0  02,iF 


— * — Tk 

1  O^F  100| 


VCC=  250  lBl  =0.3  Adc,  RB1  =  3311 

R|_=83n  lB2  =  0.6  Adc.  RB2  =  8.0  n 

lc  =  3.0  Adc         For  VBE(off,  =  5.0  V  RB2  =  0  n 


Note:  Adjust  -V  to  obtain  desired  VBE(0ff)  at  Point  A. 
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TABLE  2  -  INDUCTIVE  LOAD  SWITCHING 


35  V  I  I 


T|  - 


Lcoil  "Cpkl 


vCc 

Tt  adjusted  lo  obtain  Ifj(pk) 

BVCEO(sus) 

L=  10  mH 
RB2  =  «> 
VCc  =  20  Volts 
'C(pk)  =  100  mA 

•Tektronix  AM503 
P6302  or  Equivalent 


Inductive  Switching 

14  200  jiH 
RB2  =  0 
VCC=  20  Volts 
RB1  selected  for  desired  Igt 

Scope  —  Tektronix 
7403  or  Equivalent 


RBSOA 

L    200  ,iH 
RB2  =  0 
VCC  =  20  Volts 
Rgl  selected  (or  desired  1 13 -] 


Note:  Adjust  -V  to  obtain  desired  Vbe(0((|  at  Point  A. 


TYPICAL  INDUCTIVE  SWITCHING  WAVEFORMS 


'C(pk)  =  3.0  Amps 
Ig1  -  0.3  Amp 
vBE(off)  =  5  0  Volts 
vCE(pk|  *  300  Volts 

TC=25»C 
Time  Base  = 
20  ns/cm 

'C(pk)  =  3  0  Amps 
Iq  1  =  0.3  Amp 
vBE(off)  =  5  0  volts 
vCE|pk)  =  300  Volts 
TC  = 25°C 
Time  Base  = 
20  ns/cm 


tfi.  tc 


i 

m 

T 

>A/W 
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Designer's  Data  Sheet 


SWITCHMODE  III  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  transistors  are  designed  for  high-voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  is  critical. 
They  are  particularly  suited  for  line-operated  switchmode  appli- 
cations. The  MJ16008  and  MJH16008  are  selected  high  gain  ver- 
sions of  the  MJ16006  and  MJH16006  for  applications  where  drive 
current  is  limited. 

Features: 

•  Fast  Turn-Off  Times 
70  ns  Inductive  Fall  Time  -100°C  (Typ) 

100  ns  Inductive  Crossover  Time  -  100°C  {Typ} 
500  ns  Inductive  Storage  Time  -100°C  (Typ) 

•  100°C  Performance  Specified  for: 
Reverse-Biased  SOA  with  Inductive  Load 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


Typical  Applications: 

•  Switching 

Regulators 

•  Inverters 

•  Solenoids 

•  Relay  Drivers 

•  Motor  Controls 

•  Deflection 

Circuits 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ16006 
MJ16008 

MJH16006 
MJH16008 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current 

—  Continuous 

—  Peakd) 

ic 

ICM 

8.0 
16 

Adc 

Base  Current 

—  Continuous 

—  Peakd) 

IB 
IBM 

6.0 
12 

Adc 

Total  Device  Dissipation 
@  TC  =  25X 
@  TC  =  100°C 
Derate  above  25°C 

PD 

150 
85.5 
0.86 

125 
50 
1.0 

Watts 

W/°C 

Operating  and  Storage 
Junction  Temperature 
Range 

Tj.Tstg 

-65  to  200 

-55  to  150 

X 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

"we 

1.17 

1.0 

°C/W 

Lead  Temperature  for 
Soldering  Purposes, 
1/8"  from  Case  for 
5  Seconds. 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  s  5.0  ms.  Duty  Cycle  »  10%. 


•  Data  for  "Worst  Case"  Condition 

• 

The  Designer's  Data  Sheet  perr 

nits  the  design  of  most  circuits  ent 

irely  from  the  information 

presented.  Limit  Curves  —  repre 

senting  boundaries  on  device  char 

acteristrcs  —  are  given  to 

facilitate  "worst  case"  design. 

8.0  AMPERE 


NPN  SILICON 
TRANSISTORS 


450  VOLTS 
125  AND  150  WATTS 


MJ16006 
MJ16008 


DIM 

MILLIMETERS 

INCHES 

■M 

MAX 

MIN 

MAX 

A 

39  3? 

■  v- 

1 

, :  Qfc 

if  .. 

C 

6.35 

J. 62 

1)  ?6t) 

D  iill'i 

D 

0 

rui.;!i 

:j  !;.:  ■: 

1 

I  40 

1  IS 

■; 

Of  M 

f 

JO  I 

BSC 

1  IB 

BSC 

G 

10.92  BSC 

jua  bsc 

H 

5.46  BSC 

0.215  BSC 

J 

it  Bit 

0.665  BSC 

K 

1  1  18 

12.19 

0.4401  0.4SO 

0 

3  n 

4  19 

0.1S1  0.165 

R 

25  67 

D 

A  92 

5.33 

0.190  !  0  210 

V 

3  81 

4.19 

0151  |  0.165 

STYLE  I 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


1.  DIMENSIONS  Q  AND  V  ARE  DATUMS. 

2.  [T]  IS  SEATING  PLANE  AND  DATUM 
3  POSITIONAL  TOLERANCE  FOR 

MOUNTING  HOLE  Q 

|  ♦  |  I.13I0.OO51©  |  T  lv©1 

FOR  LEADS:  

|  +  |  113  10.005)®  T  |  V®  |  Q©| 


CASE  1-05 
TO-204AA 
(Formerly  TO-3) 


MJH16006 
MJH16008 


7^1 


DIM 

MILLIN 

ElEHS 

INCHES 

MIN 

MA;- 

MIN 

MAX 

A 

20  22 

0  60(1 

1  B30 

B 

15911 

0610 

0  626 

C 

4  IS 

5  06 

:  165 

0  200 

D 

1  02 

1  65 

'•  'J  IV 

■  :i65 

E 

1  35 

1  65 

0  053 

0  065 

G 

5  21 

5  ?; 

. 

0  225 

H 

241 

.:  ?U 

,1035 

il  1 16 

■  a 

El 

"i  L*£i^i!'iipv{lr^m 

TO-218AC 


Designer's  and  SWITCHMODE  are  trademarks  of  Motorola  Inc. 
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MJ16006,  MJ16008,  MJH16006,  MJH16008 

3008  T  HIM 


MJ 16006 
MJH 16006 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


|  Symbol 


Mm 


Typ 


OFF  CHARACTERISTICS  (1 ) 


Collector-Emitter  Sustaining  Voltage  (Table  2) 
(lc=  100  mA,  lB  =  0) 

vCEO(sus) 

450 

Vdc 

Collector  Cutoff  Current 
(VCEV  =  850  Vdc,  VBE(off|  =  1 .5  Vdc) 
(VCEV  =  850  Vdc,  VBE(0)fl  =  1 .5  Vdc,  TC  =  100°C) 

ICEV 

0.25 
1.5 

mAdc 

Collector  Cutoff  Current 
(VCE  =  850Vdc.  RBE  =  50!1.  Tc  =  lOO-C) 

ICER 

2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB=6  0Vdc,  IC  =  0) 

lEBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

is/b 

See  Figure  1  5 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1  6 

ON  CHARACTERISTICS  (1 ) 


Collector-Emitter  Saturation  Voltage 
flC  ?  3.0  Adc,  lB  =  0.4  Adc) 
(lc  =  5.0  Adc,  lB  =  0.66  Adc) 
(lc  =  5.0  Adc,  lB  =  0.66  Adc.  Tc  =  1 00°C) 

vCE|satl 

2  5 
30 

3.0 

Vdc 

Base-Emitter  Saturation  Voltage 

VBE(sat] 

Vdc 

(lC  =  5  0  Adc.  IB  =  0.66  Adc) 

15 

(lC  =  5.0  Adc,  lB=  0.66  Adc,  Tc  =  100°C) 

15 

DC  Current  Gain 
(lc  =  8.0Adc,  VCE  =  5.0Vdc 

nFE 

 1  

5.0 

DYNAMIC  CHARACTERISTICS 


Output  Capacitance 
(VCB  =  1 0  Vdc,  lE  =  0.  ftest  =  1 .0  kHz) 


Cob 


pF 


SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1 ) 

Delay  Time 

(lC=5.0Adc, 

td 

20 

50 

ns 

Rise  Time 

(lB2  -  1  3  Adc, 

85 

250 

VCC  =  250  Vdc. 
IB1  =  0 .66  Adc. 
PW=  30  us, 
Duty  Cycle  <2.0%) 

•r 

Storage  Time 

RB2  =  4.0  1!) 

tS 

1000 

2500 

Fall  Time 

<f 

70 

250 

Storage  Time 

(VBE(off)  \  5  0  Vdc) 

's 

500 

Fall  Time 

'f 

100 

Inductive  Load  (Table  2) 

Storage  Time 

tsv 

700 

1800 

ns 

Fall  Time 

dC  =  5.0  Adc. 

(Tj=  100°C) 

tfi 

80 

200 

Crossover  Time 

IB1  -  0.66  Adc, 

<c 

150 

250 

Storage  Time 

VBE(off)=  5  0  Vdc, 

tsv 

800 

Fall  Time 

vCE(pk)  =  4°0  Vdc) 

(Tj=  150»C) 

tfi 

80 

Crossover  Time 

tc 

200 

It )  Pulse  Test.  PW  -  300  pa,  Dutv  Cycle  sS2% 
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MJ16006,  MJ16008,  MJH16006,  MJH16008 


MJ 16008 
MJH16008 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  2) 

vCEO(sus) 

450 

Vdc 

(lc  =  100  mA.  IB  =  0) 

Collector  Cutoff  Current 
(VCEV  =  850  Vdc.  VBE(of()=  1 .5  Vdc) 
(VCEV  =  850  Vdc,  VBE(0ff |  =  1  5  Vdc.  TC  =  1 00°C) 

'CEV 

0.25 
1.5 

mAdc 

Collector  Cutoff  Current 
(VCE=  850  Vdc.  RBE  =  50  il,  Tc  =  100°C) 

'CER 

2.5 

mAdc 

Emitter  Cutoff  Current 
<VEB  =  6.0  Vdc,  lC  =  0| 

'EBO 

10 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  15 

 1 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  16 

ON  CHARACTERISTICS  (1 ) 


Collector-Emitter  Saturation  Voltage 
(lc  =  3.0  Adc.  IB  =  0.3  Add 
(lC  =  5.0  Adc.  IB  ■  0.5  Adc) 
(lC=  5.0  Adc,  lB=  0.5  Adc,  Tc  =  100°C) 

vCE(sat) 

2  5 
3.0 
30 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC=5.0Adc,  lB  =  0.5  Adc) 
(lC  =  5.0  Adc,  lB  =  0.5  Adc,  TC  =  1 00°C) 

VBE(sat) 

1.5 
1.5 

Vdc 

DC  Current  Gain 
(lC  =  8  0Adc,  VCE=5.0Vdc 

hFE 

7.0 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc.  IE  =  0.  ftest  f  1 .0  kHz) 

C0b 

350 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

(lC  r  5.0  Adc. 
VCC  =  250  Vdc. 
IB1  =  0.5  Adc, 
PW  =  30  Ms, 
Duty  Cycle  <2.0%| 

(lB2  =  1 .0  Adc, 
RB2  =  4.0  11) 

«d 

20 

50 

ns 

Rise  Time 

'r 

100 

250 

Storage  Time 

ts 

900 

2200 

Fall  Time 

If 

70 

250 

Storage  Time 

<VBE(off)=50Vdcl 

<s 

400 

Fall  Time 

<f 

50 

Inductive  Load  (Table  2) 

Storage  Time 

(lc  =  5.0  Adc, 
lB1  =  0.5  Adc, 

VBE(off)=S'0V<lc' 
VCE(pk)  =  "00Vdc) 

(Tj=  100»C) 

tsv 

500 

1400 

ns 

Fall  Time 

ffi 

70 

150 

Crossover  Time 

'c 

100 

200 

Storage  Time 

(Tj=  150-C) 

!sv 

600 

Fall  Time 

Ifi 

100 

Crossover  Time 

<c 

150 

(1 )  Pulse  Test   PW  -  300  es.  Duty  Cycle  S2%. 
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MJ16006,  MJ16008,  MJH16006,  MJH16008 


TYPICAL  STATIC  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


0.5  1.0         2.0  5.0 

lC.  COLLECTOR  CURRENT  (AMPSI 


10  20 


FIGURE 


2  —  COLLECTOR  SATURATION  REGION 


1.0 

o 
> 

0.7 

0.5 

O 

:-> 

cc 

s 

0.3 

LECTC 

0.2 

o 
e_s 

> 

0.1 


lC  =  2.0  A 


Tj  =  25°C 
_11 


0.2  0.5  10  2.0 

lB.  BASE  CURRENT  (AMPSI 


5  0  10 


FIGURE  3  —  COLLECTOR- EMITTER  SATURATION  VOLTAGE 


FIGURE  4  -  BASE-EMITTER  VOLTAGE 


0.1         0.2  05         1.0  2.0 

lc.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 
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S  103 

1  102 

Q 

o 
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J  =  150 

 T 
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r 

1 

—  Ill*  

n 

1  

I00»t 
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c0RWA 

RD  

■  RE 



-XVrc  =  250  V  

 25°C — 1 

-0.2  0  «0.2  *0.t  *0.6 

VBE.  BASE  EMITTER  VOLTAGE  (VOLTS) 


/s 

Tj 

= 

5.0 
25 

'C 

\ 

= 

=  10 

-  10C 

-  /if 
Tj 

°c 

0.1  0.2  0.5  1.0  2.0 

lC,  COLLECTOR  CURRENT  (AMPS) 

FIGURE  6  -  CAPACITANCE 


0.1  0.2      0.5    1.0    2.0      5.0    10    20      50   100   200     500  850 
VR,  REVERSE  VOLTAGE  (VOLTS) 
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MJ16006,  MJ16008,  MJH16006,  MJH16008 


TYPICAL  INDUCTIVE  SWITCHING  CHARACTERISTICS 


FIGURE  7  -  STORAGE  TIME 


FIGURE  8  -  STORAGE  TIME 


2.0  3  0  5  0 

lC.  COLLECTOR  CURRENT  (AMPS) 


2  0  3.0  5.0 

lc.  COLLECTOR  CURRENT  (AMPS) 
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MJ16006,  MJ16008,  MJH16006,  MJH16008 


FIGURE  13- INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  14  -  PEAK  REVERSE  BASE  CURRENT 


'Bl  = 

l.O  A 

'Bl 

0.5  A 

•c- 

5.0  A 

I  

25°C 

I 

2.0  40  6.0  8.0 

VBE(otf).  REVERSE  BASE  VOLTAGE  IVOLTSI 


TABLE  1  -  RESISTIVE  LOAD  SWITCHING 


td  and  t, 


H  P  214 

or 

Equiv 

P.G 

c 

5t 


— VW   (A)       \j  U  1  HLk 

RB=20n  < 


Vcc  £ 


1 


ov- 


VCC  =  250  Vdc 
R[_  =  50  O 
lc  =  5.0  Adc 
lB  =  0.5  Adc 

11  V 


lr  sj  1  5  ns 


'Tektronix 
AM503 
P6302  or 
Equivalent 


Vdc  «=  1 1  Vdc 


O  V 
A 


:c  J 


VCC  =  250  lB1  =  0.5  Adc,  Rbi  =  20  n 

Rl  -  50  n        Ib2  =  io  Adc,  Rb2  =  «-0  n 

lc  =  5.0  Adc         For  VBE(off)  =  5.0  V  Rb2  =  0  fl 


Note:  Adjust  -V  to  obtain  desired  Vgr£(0ff)  at  Point  A. 
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MJ16006,  MJ16008,  MJH16006,  MJH16008 


■ 

TABLE  2  -  INDUCTIVE  LOAD  SWITCHING 


o  *  v  «  1 1  v 


HP  214 
or  Equiv 
P  G 


0  - 

«  -35  V 


Lcoil  I'Cpk) 

Ti  adjusted  to  obtain  iQpk) 

V(BR|CEO(sus) 

L  =  10  mH 
RB2  =  x 
VCC  =  20  Volts 
lC(pk)  -  100  mA 
"Tektronix 

AM503 

P6302  or 

Equivalent 


S3 


T1 

ov 


'IB 


Inductive  Switching 

L=  200  UH 
RB2  =  0 
VCc  =  20  Volts 
RB1  selected  for  desired  Igl 

Scope  -  Tektronix 
7403  or 
Equivalent 


RBSOA 

L=  200  ^H 
RB2  =  0 
VCc  =  20  Volts 
RgT  selected  tor  desired  Ig! 


Note  Adjust  -V  to  obtain  desired  VBr;(off)  31  p°'n'  A 


SAFE  OPERATING 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  abil- 
ity of  a  transistor:  average  junction  temperature  and 
second  breakdown.  Safe  operating  area  curves  indicate 
lc  —  Vce  limits  of  the  transistor  that  must  be  observed 
for  reliable  operation;  i.e.,  the  transistor  must  not  be 
subjected  to  greater  dissipation  than  the  curves  indi- 
cate. 

The  data  of  Figure  15  and  15A  are  based  on  Tc  = 
25°C;  Tj(n|()  is  variable  depending  on  power  level.  Sec- 
ond breakdown  pulse  limits  are  valid  for  duty  cycles  to 
10%  but  must  be  derated  when  Tq  3  25°C.  Second 
breakdown  limitations  do  not  derate  the  same  as  ther- 
mal limitations.  Allowable  current  at  the  voltages 
shown  on  Figure  15  and  15A  may  be  found  at  any  case 
temperature  by  using  the  appropriate  curve  on  Figure 
17. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  18. 
At  high  case  temperatures,  thermal  limitations  will  re- 


EA  INFORMATION 

duce  the  power  that  can  be  handled  to  values  less  than 
the  limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base-to-emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value 
of  collector  current.  This  can  be  accomplished  by  sev- 
eral means  such  as  active  clamping,  RC  snubbing,  load 
line  shaping,  etc.  The  safe  level  for  these  devices  is 
specified  as  Reverse  Bias  Safe  Operating  Area  and  rep- 
resents the  voltage-current  condition  allowable  during 
reverse  biased  turn-off.  This  rating  is  verified  under 
clamped  conditions  so  that  the  device  is  never  subjected 
to  an  avalanche  mode.  Figure  16  gives  the  RBSOA  char- 
acteristics. 
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® 


MOTOROLA 


MJ16006A 
MJH16006A 


•esigner's  Data  Shei 


1.0  kV  SWITCHMODE  III  SERIES 
NPN  SILICON  POWER  TRANSISTORS 


These  transistors  are  designed  for  high-voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fail  time  is  critical. 
They  are  particularly  suited  for  line-operated  switchmode  appli- 
cations. 


Typical  Applications: 

•  Switching 

Regulators 

•  Inverters 

•  Solenoids 

•  Relay  Drivers 

•  Motor  Controls 

•  Deflection 

Circuits 


Features: 

•  Collector-Emitter  Voltage  — 

VCEX  =  1000  Vdc 

•  Fast  Turn-Off  Times 

80  ns  Inductive  Fall  Time  -  100°C  (Typ) 
120  ns  Inductive  Crossover  Time  -  100°C  (Typ) 
800  ns  Inductive  Storage  Time  -  100°C  (Typ) 

•  100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Load 
Switching  Times  with  Inductive  L 
Saturation  Voltages 
Leakage  currents 


MAXIMUM  RATINGS 


Rating 

Svmbol 

MJ16006A  MJH16006A 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

500 

Vdc 

Collector-Emitter  Voltage 

VCEV 

1000 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous 
—  Peakd) 

ic 

ICM 

L  CO 

Adc 

Base  Current  —  Continuous 
—  Peakd) 

>B 

IBM 

6.0 
12 

Adc 

Total  Power  Dissipation  @  Tc  =  25X 
@  Tc  =  100°C 
Derate  above  Tc  =  25"C 

PD 

150 
85 
0.86 

125 
50 
1.0 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TjTstg 

-  65  to  200 

-55  to  150 

X 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rfuc 

1.17  1.0 

°c/w 

Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for 
5  Seconds 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  =  5.0  ms.  Duty  Cycle  «  10%. 


Designer's  Date  for  "Worst  Case"  Conditions 

The  Designer's  Data  Sheet  permits  the  design  of  most  circuits  entirety  from  the  information 
presented.  Limit  Curves  —  representing  boundaries  on  device  characteristics  —  are  given  to 


8.0  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

500  VOLTS 
125  and  150  WATTS 


MJ16006A 


7T. 

i1 

EZMZH 

-  In* 

E 

(3 

E 

s  3  5     ■  i : 

:  :ii 

Bjoa 

D 

D3'  Uyi 

:  aif    .  & 

| 

1.40  |    1  TB 

□  OSS 1  Q0?a 

f 

30  15  BSC 

i.st;  esc 

:os;  Bit 

0  430  BSC 

H 

5.46  BSC 

o.!  15  esc 

IP  m a  :l. 

0.6ES  BSC 

■ji»iii«at«']DjiKJUiia 
onu  'riBn  i 

STYLE  1 

PIN  1.  BASE 

2.  EMITTER 

CASE  COLLECTOR 


1  DIMENSIONS  0  ANO  V  ARE  DATUMS. 

2.  [T]  IS  SEATING  PLANE  AND  DATUM 

3.  POSITIONAL  T0LEHANCE  FOR 

MOUNTING  HOLE  0:  

(  4)  |  ♦■1310.005)0  |  T  |v©~j 

FOR  LEAPS:  

|  ♦  |l.13W.005)©T  |V0|  0©1 


CASE  1-05 
TO-204AA 
(Formerly  TO-3) 


rr 


MJH16006A 


DIM 
A 

8 

Miiiih 

MID 

ETERS 
MAX 

INCHES 

HIM 

MAX 

n 

21  08 

:>8,1J 

0  830 

1 6  49 

I:  ?( 

,'?'0 

0  1 2  f. 

C 

4  13 

5  08 

0  165 

c  20: 

1 

t  0? 

l  H 

0  043 

0  065 

E 

1  35 

1  65 

eo5< 

u  065 

G 

5  21 

5  7! 

:  ;o5 

o 

2.41 

3  20 

0  095 

o 

J 

0.38 

Of  4 

1)015 

■^■T-TIKTTli -11!  11 11  !1 

2  C0LIECT0R 

3  EMITTER 

4  COLLECTOR 


CASE  340-01 
TO-218AC 


Designer's  and  SWITCHMODE  are  trademarks  of  Motorola  Inc. 
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MJ16006A,  MJH16006A 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Typ 


OFF  CHARACTERISTICS  (1) 


Collector-Emitter  Sustaining  Voltage  (Table  21 

vCEO(sus) 

500 

Vdc 

\IQ  -    IUU  mM,  IQ  =  UI 

Collector  Cutoff  Current 
(VCEV  =  1000  Vdc,  VBE(off)  =  1.5  Vdc) 
(VcEV  =  1000  Vdc,  VBE(offl  =  1.5  Vdc,  TC  =  100°C) 

ICEV 

0.25 
1.5 

mAdc 

Collector  Cutoff  Current 
|VCE  =  1000  Vdc,  RBE  =  50  O,  TC  =  100°C) 

ICER 

2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  -  6.0  Vdc,  lc  =  0) 

IEBO 

1.0 

mAdc 

'  1 

SECOND  BREAKDOWN 







Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

>SA 

See  Figures  14  or  15 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  16 

ON  CHARACTERISTICS  11) 


Collector-Emitter  Saturation  Voltage 
llc  =  3.0  Adc,  lB  =  0.6  Adc) 
HC  =  5.0  Adc,  lB  =  1.0  Adc) 
(lC  =  5.0  Adc,  lB  =  1.0  Adc,  TC  =  100°C) 

VCE(sat) 

1.0 
1.5 
1.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC  =  5.0  Adc,  lB  =  1.0  Adc) 
dC  =  5.0  Adc,  In.  =  1.0  Adc,  TC  =  100X) 

vBEIsat] 

1.5 
1.5 

Vdc 

DC  Current  Gain 
dC  =  8.0  Adc,  VCE  =  5.0  Vdc) 

nFE 

5.0 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc,  lE  =  0,  ftest  =  1.0  kHz) 

Cob 

350 

PF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1)  MJ16O06A 

Delay  Time 

<d 

25 

100 

ns 

Rise  Time 

dC  =  5.0  Adc, 

tr 

700 

(lB2  =  1-3  Adc, 

400 

Storage  Time 

Vcc  =  250  Vdc, 
lB1  =  0.66  Adc, 

RB2  =  4.0  m 

<s 

1400 

3000 

Fall  Time 

tf 

175 

400 

PW  =  30  us. 
Duty  Cycle  s  2.0%) 

Storage  Time 

475 

(VBE(off)  =  5.0  Vdc) 

ts 

Fall  Time 

tf 

100 



Inductive  Load  (Table  21  MJ16006A 

Storage  Time 

tsv 

800 

2000 

ns 

Fall  Time 

dC  =  5.0  Adc, 
lB1  =  0.66  Adc, 

(Tj  =  100°CI 

tfi 

80 

200 

Crossover  Time 

tc 

120 

300 

Storage  Time 

VBE(off)  =  5.0  Vdc, 
VCE(pk)  -  400  Vdc> 

tsv 

1000 

Fall  Time 

(Tj  =  150X) 

tfi 

90 

Crossover  Time 

tc 

150 

(1)  Pulse  Test:  PW  -  300  jis.  Duty  Cycle  s  2.0%. 
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MJ16006A,  MJH16006A 


td  and  tr 


Equiv 
PG 


RB  =  20n 


vcc  ± 


I 


OV- 




-  I  1  V 


trs!15  ns 


vcc 

250  V 

•Tektronix 
AM503 

P6302  or  Equivalent 

Rl 

50  n 

ic 

5.0  A 

IB 

0.66  A 

*Vdc  =-  1 1  Vdc 


Iffl: 


vCc 

250  V 

Rl 

so  a 

ic 

5.0  A 

>B1 

0.66  A 

lB2 

1.0  A 

Rbi 

20  n 

RB2 

4.o  n 

vcc 


*Note:  Adjust  -V  to  obtain  desired  VgEjoff)  at 
Point  A. 

For  VBE(off)  =  5-0  V,  RB2  =  0 
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MJ16006A, MJH16006A 


TABLE  2  —  INDUCTIVE  LOAD  SWITCHING 


Lcoil  I'Cpkl 
VCC 


Ti  adjusted  to  obtain  lc(pk)  "=" 


v(BR)CEO 

L  =  10  mH 

RB2  =  » 

Vcc  =  20  Volts 


♦Tektronix  AM503 
P6302  or  Equivalent 


Inductive  Switching 

L  =  750  /xH 
RB2  =  0 
Vcc  =  20  v°lts 
Rgi  selected  for  desired  Ibi 

Scope  —  Tektronix 
7403  or 
Equivalent 


RBSOA 

L  =  750  imH 
RB2  =  0 
VCC  =  20  Volts 
Rgi  selected  for  desired  lBi 


Note:  Adjust  -V  to  obtain  desired  VBE(off)  at  Point  A. 


TYPICAL  INDUCTIVE  SWITCHING  CHARACTERISTICS 

IC/IBI  =  5.0,  TC  =  100X,  VCE(pk)  =  400  V  lc"B1  =  10-  Tc  =  1°0°C,  VcE(pk)  =  «0  V 


FIGURE  8  —  STORAGE  TIME 


FIGURE  9  —  STORAGE  TIME 


1000 
700 


500 
400 


300 


■  "BE(oH)  =  °  V  _ 


3000 
2000 

1000 

700 

500 
400 


1  Vf 

E(otf)  = 

V  _ 

2.0  V  - 

1 

10 


20  30  50 

lC,  COLLECTOR  CURRENT  IAMPSI 


2  0  3  0  5  0 

lC,  COLLECTOR  CURRENT  IAMPSI 
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MJ16006A,  MJH16006A 


TYPICAL  INDUCTIVE  SWITCHING  CHARACTERISTICS  (Continued) 

IC/IB1  =  5.0.  TC  =  100°C.  VcE(pk)  =  «00  V  I^BI  =  10.  Tc  =  100°C,  VCE(pk)  =  400  V 


FIGURE  10  —  COLLECTOR  CURRENT  FALL  TIME 


FIGURE  11  —  COLLECTOR  CURRENT  FALL  TIME 


2.0  3  0  5.0  7.0 

IC,  COLLECTOR  CURRENT  (AMPS) 


FIGURE  12  —  CROSSOVER  TIME 


lB1 


i  0 

1- 

X 

|oH|  =  0 



I  VBI 

V  — 

2 

D  V  - 



2.0  3.0  5.0         7  0 

lc.  COLLECTOR  CURRENT  (AMPS) 


20  30  50  7.0 

Iq,  COLLECTOR  CURRENT  |AMPS| 


FIGURE  13  —  CROSSOVER  TIME 


ji  r 


1 100 

70 


"BE(off)  =  0  V  - 


2.0  3.0  5.0  7.0 

lC,  COLLECTOR  CURRENT  (AMPS) 


10 


GUARANTEED  SAFE  OPERATING  AREA  LIMITS 

MJ16006A  MJH16006A 


FIGURE  14  —  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA 


FIGURE  15  —  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA 


10  20     30       50         100         200    300  500 

VCE.  COLLECTOR-EMITTER  VOLTAGE  |V0LTS| 


7.0    10  20     30       50    70    100         200    300  500 

Vce.  COLLECTOR-EMITTER  VOLTAGE  IVOLTSI 
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GUARANTEED  SAFE  OPERATING  AREA  LIMITS  (Continued) 


16  —  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPERATING  AREA 


FIGURE  17  —  POWER  DERATING 


  V 

8E[oft| 

>ff)  = 

3.0  V- 

**\ 

^BE( 

flB  s  4-° 
Tj  s  100X 

I  I 

a  so 


— V5 

rSECO 

MOBRE 

AKDOV 

/N  DER 

ATING 

\ 
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IMAL  t 

ERATIh 

N 

— V. — 

\ 

*n 

\ 

\ 

— i— 

—  n 

UHI6W 
IJ1600E 

6A 

\ 

— 1— 

—  ^ 

A 

\ 

\ 

i 

r-t— 
N 

IDO     200    300    400     500     600     700    800    900    1000  1100 
VcE(pk).  PEAK  C0UECT0R-T0-EM1TTER  VOLTAGE  IWOLTS) 

SAFE  OPERATING  AREA  INFORMATION 


40  80  120  160 

TC,  CASE  TEMPERATURE  l°C) 


200 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  abil- 
ity of  a  transistor:  average  junction  temperature  and 
second  breakdown.  Safe  operating  area  curves  indicate 
IC  —  Vce  limits  of  the  transistor  that  must  be  observed 
for  reliable  operation;  i.e.,  the  transistor  must  not 
be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figures  14  and  15  are  based  on  Tc  = 
25°C;  Tj(p|()  is  variable  depending  on  power  level.  Sec- 
ond breakdown  pulse  limits  are  valid  for  duty  cycles  to 
10%  but  must  be  derated  when  Tc  *  25°C.  Second 
breakdown  limitations  do  not  derate  the  same  as  ther- 
mal limitations.  Allowable  current  at  the  voltages 
shown  on  Figures  14  and  15  may  be  found  at  any  case 
temperature  by  using  the  appropriate  curve  on  Figure 
17. 

Tj(p|()  may  be  calculated  from  the  data  in  Figure  18. 
At  high  case  temperatures,  thermal  limitations  will  re- 


duce the  power  that  can  be  handled  to  values  less  than 
the  limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base-to-emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value 
of  collector  current.  This  can  be  accomplished  by  sev- 
eral means  such  as  active  clamping,  RC  snubbing,  load 
line  shaping,  etc.  The  safe  level  for  these  devices  is 
specified  as  Reverse  Bias  Safe  Operating  Area  and  rep- 
resents the  voltage-current  condition  allowable  putting 
reverse  biased  turn-off.  This  rating  is  verified  under 
clamped  conditions  so  that  the  device  is  never  subjected 
to  an  avalanche  mode.  Figure  16  gives  the  RBSOA  char- 
acteristics. 


FIGURE  18  —  THERMAL  RESPONSE 
MJ16006A 


20  3.0  5.0 
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200    300  500 
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Designer's  Data  Sheet 


SWITCHMODE  III  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  transistors  are  designed  for  high-voltage,  high-speed,  power 
switching  in  inductive  circuits  where  fall  time  is  critical  They  are  par- 
ticularly suited  for  line-operated  switchmode  applications.  The  MJ1 601 2 
and  MJH16012  are  selected  high  gain  versions  of  the  MJ16010  and 
MJH16010  for  applications  where  drive  current  is  limited. 


Typical  Applications: 

•  Switching 

Regulators 

•  Inverters 

•  Solenoids 

DnVerS       %  Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 
Saturation  Voltages 


Features. 

•  Fast  Turn-Off  Times  —  Tc  =  100°C 

50  ns  Inductive  Fall  Time  (Typ) 

90  ns  Inductive  Crossover  Time  (Typ) 

800  ns  Inductive  Storage  Time  (Typ) 

•  100°C  Performance  Specified  for: 


•  Motor  Co 

•  Deflection  rzk 

Circuits        W  Leakage  Currents 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJ16010 
MJ16012 

MJH16010 
MJH16012 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

450 

Vdc 

VCEV 

850 

Vdc 

Emitter-Base  Voltage 

VEB 

60 

Vdc 

Collector  Current  —  Continuous 
-  Peak  1 1 ) 

ic 
'cm 

15 
20 

Adc 

Base  Current  —  Continuous 
-  Peak (1) 

Ib 

Ibm 

10 
15 

Adc 

Total  Device  Dissipation 
@  TC  =  25°C 
@  TC  =  100°C 
Derate  above  25°C 

Pd 

175 
100 

1.0 

135 
53  8 
1.11 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  200 

-55  to  150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction 
to  Case 

R8JC 

1  0 

093 

°C/W 

Lead  Temperature  for  Soldering 
Purposes.  1/8"  from  Case  for 
5  Seconds 

TL 

275 

°C 

(1)  Pulse  Tesl   Pulse  Widih  s;  5  0  us,  Duty  Cycle  ^  10%. 


Designer's  Data  for  "Worst  Case"  Conditions 

The  Designer  s  Data  Sheet  permits  the  design  of  most  circuits  entirely  from  the  infor- 
mation presented.  Limit  curves  —  representing  boundaries  on  device  characteristics  — 
are  given  to  facilitate   worst  case"  design. 


15  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

450  VOLTS 
135  AND  175  WATTS 


  A   

■  B  

1 

i 

b*  i 

MJ16010 
MJ16012 


DIM 

MILLIMETERS 

INCHES 

Ml* 

MAX 

MIS 

WAX 

A 

:■ 

l  SS0 

.  :  Of 

.  ;r 

C 

ii  3b 

7  63 

0?50 

0.300 

0 

OS.' 

1  09 

(iQ3t 

0043 

L 

I  40 

1  7fj 

o  n;.5 

0  070 

F 

30  I 

1  18 

BSC 

B 

m 

esc 

IM3 

. 

5  1 

II  J] 

BSC 

J 

ie  e 

e:: 

0  66 

BSC 

11  18 

13  IS 

:  «4  U 

0.480 

Q 

38: 

*  19 

0  151 

o 

R 

:  ■: 

I  050 

1  83 

i  33 

0  190  |  0  310 

381 

•  19 

0151  |  0  165 

STYLE  I 

nm.  BASS 

1  EMITTER 

CASE  COLLECTOR 


NOTES 

1   DIMENSIONS  0  AND  V  ARE  0ATUMS 
3  m  IS  SEATING  PLANE  AND  DATUM 
3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  Q 


*      (13(0  0051© 


FOR  LEADS  

1  »  [  |13I0005I©T  1  V®  j  0"©1 
I  DIMENSIONS  AND  TOLERANCES  PER 
ANSIYI4.5.  1873. 


CASE  1-05 
TO-204AA 

(Formerly  TO-3) 


CASE  340-01 
TO-218AC 
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MJ 16010 
MJH16010 

ELECTRICAL  CHARACTERISTICS  [Tc  =  25°C  unless  otherwise  noted)  

Characteristic  [      Symbo!     |      Min      |        Typ      |       Me,      |  Un^ 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  2) 
(lc=  100  mA.  IB  =  0) 

vCEO(sus) 

450 

Vdc 

Collector  Cutoff  Current 
|VCEV  =  850  Vdc,  VBE|off)  =  1 .5  Vdc) 
(VCEV  =  850  Vdc.  VBE(off)  =  '  45  Vdc.  Tc  =  100-C) 

'CEV 

025 
1,5 

mAdc 

Collector  Cutoff  Current 
(VCE  =  850  Vdc,  RBE  =  50  n.  Tc  =  1 00°C) 

!CER 

2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6  0  Vdc,  IC  =  0| 

lEBO 

1.0 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  1  5 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  16 

ON  CHARACTERISTICS  (1 ) 


Collector-Emitter  Saturation  Voltage 
(lc  =  5.0  Adc.  IB  =  0.7  Add 
(lc  =  10  Adc.  IB  =  1  3  Adc) 
(lc  =  10  Adc,  lB  =  1 .3  Adc,  Tc  =  100°C) 

VcE(sat) 

2  5 

3  0 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  =  10  Adc.  IB  =  1.3  Adc) 
(IC=  10  Adc.  IB  =  1  3  Adc.  Tc  =  100°C) 

vBE(sat) 

1.5 
1.5 

Vdc 

DC  Current  Gain 
<JC=  15  Adc,  VCE=  5.0  Vdc| 

"FE 

5  0 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc.  IE  =  0,  fIest  »  1 .0  kHz) 

400 

pF 

SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1 1 

Delay  Time 

(lc=  10  Adc, 
VCC  =  250  Vdc. 
IB1  =  1  3  Adc, 
PW-  30  ps. 
Duty  Cycle  €2.0%) 

(lB2  =  2.6  Adc. 
RB  =  1.6  11) 

td 

20 

ns 

Rrse  Time 

tr 

200 

Storage  Time 

•s 

1200 

Fall  Time 

•f 

200 

Storage  Time 

(vBE(off)  =  5.0  Vdc) 

Is 

650 

Fall  Time 

tf 

80 

Inductive  Load  (Table  2) 

Storage  Time 

(lc=  10  Adc, 
lBl  =  1  3  Adc, 
VB£(off)=  5.0  Vdc, 
vCE(pk)  =  *00  Vdc) 

(TC=  100-C) 

'SV 

800 

1800 

ns 

Fall  Time 

Ifi 

50 

200 

Crossover  Time 

'c 

90 

250 

Storage  Time 

(TC=  150°C) 

'sv 

1050 

Fall  Time 

tfi 

70 

Crossover  Time 

lc 

120 

(1)  Pulse  Test  Pulse  Width  =  300  „s.  Duly  Cycle  S  2  0% 
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MJ16012 
MJH16012 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 

Characteri.tic  |      Symbol     |      Min       |       Typ  M^x  Umt 

OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  2) 
0C=  100  mA.  IB  =  0| 

vCEO(sus) 

450 

Vdc 

Collector  Cutoff  Current 
(VCEV  =  850  Vdc.  VBE(0,„  =  15  Vdc| 
(VCEV  =  850  Vdc.  VBE|0ff)  =15  Vdc.  TC  =  100°C) 

'CEV 

025 

1.5 

mAdc 

Collector  Cutoff  Current 
(VCE  =  850  Vdc,  RBE  =  50  11.  Tc  =  100°CI 

'CER 

2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6  0  Vdc.  IC  =  0) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

IS/b 

See  Figure  1 5 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

■ 

RBSOA 

See  Figure  16 

ON  CHARACTERISTICS  11 1 


Collector-Emitter  Saturation  Voltage 
(IC  =  5.0  Adc.  IB  =  0.5  Adc) 
(lc=  10  Adc.  IB=  10  Adcl 
(lc  =  10  Adc.  IB  =  1  0  Adc.  TC  =  100°C) 

vCE(satl 

2  5 
3.0 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc=  10  Adc.  IB=  10  Adc) 
|lc=  10  Adc.  IB=  1  OAdc.  Tc=  100°C) 

VBE(sat| 

1.6 
1.5 

Vdc 

DC  Current  Gain 
(lc=  15  Adc,  VCE=5.0Vdc| 

hFE 

7.0 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc.  IE  =  0.  f,es,  =  1 .0  kHz) 

Cob 

400 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

(lc  =  10  Adc, 
VCC  =  250  Vdc. 
IB1  =  1  0  Adc. 

(lB2  =  20  Adc. 
RB  =  1  6(1) 

«d 

20 

ns 

Rise  Time 

tr 

200 

Storage  Time 

's 

900 

Fall  Time 

'f 

150 

PW  =  30  Ms. 

Duty  Cycle  <2  0%) 

Storage  Time 

lvBE(off)  =  5  0  Vdc) 

's 

500 

Fall  Time 

'f 

40 

Inductive  Load  (Table  2) 

Storage  Time 

(TC=  100°C) 

'sv 

650 

1500 

ns 

Fall  Time 

tf, 

30 

150 

(lc=  10  Adc. 
IB1  =  1  0  Adc. 
VBEloff]=50Vdc. 
VcElpkl^OOVdc] 

Crossover  Time 

'c 

50 

200 

Storage  Time 

(TC=  150-C) 

'SV 

850 

Fall  Time 

tfl 

30 

Crossover  Time 

<t 

70 

|t|  Pulse  Test   Pulse  Width  =  300  «s.  Duty  Cycle  S  2  0% 
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TYPICAL  STATIC  CHARACTERISTICS 


3-1063 


MJ16010,  MJ16012,  MJH16010,  MJH16012 


TYPICAL  DYNAMIC  CHARACTERISTICS 


FIGURE  7  -  STORAGE  TIME 


FIGURE  8  -  STORAGE  TIME 
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MJ16010,  MJ16012,  MJH16010,  MJH16012 


FIGURE  13  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  14  -  PEAK  REVERSE  BASE  CURRENT 


1.0  2  0  3.0  4.0 

vBE(ott|  REVERSE  BASE  VOLTAGE  IVOLTSI 


GUARANTEED  SAFE  OPERATING  AREA  LIMITS 


20 
10 
50 

20 
1  0 
0  50 


0  10 
0  05 


FIGURE  15  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


 BONDING  WIRE  LIMIT 

 THERMAL  LIMIT 

 SEC0N0  BREAKDOWN  LIMIT 


10  20     30       50    70    100         200   300  450 
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FIGURE  16  -  MAXIMUM  REVERSE  BIAS 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown  Safe  operating  area  curves  indicate  lc_VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  15  is  based  on  Trj  =  25°C;  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations  Allowable 
current  at  the  voltages  shown  on  Figure  15  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  18 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  17. 
At  high  case  temperatures,  thermal  limitations  will  re- 


duce the  power  that  can  be  handled  to  values  less  than 
the  limitations  imposed  by  second  breakdown 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off.  in  most 
cases,  with  the  base-to-emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage- 
current  condition  allowable  during  reverse  biased  turn- 
off.  This  rating  is  verified  under  clamped  conditions  so 
that  the  device  is  never  subjected  to  an  avalanche  mode 
Figure  16  gives  the  RBSOA  characteristics 
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MJ16010,  MJ16012,  MJH16010,  MJH16012 


FIGURE  17  —  THERMAL  RESPONSE 


RflJCCI  =  <«)  ReJC 
R9JC=  1.0°C/W«  I11°C/W  ■ 
TJ|pk|  -  Tc  =  P(pk)«WC«> 
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FIGURE  18  -  POWER  DERATING 
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TABLE  1  -  RESISTIVE  LOAD  SWITCHING 


td  and  tr 


Vdc  «  1 1  Vdc 


Equiv 
PG 


"IB 


 Vv\  

RB=  10 


vcc  4; 
1 


VCC  =  250  Vdc 
RL  =  25  11 
lc=  10  Adc 
lB  =  10  Adc 


'Tektronix  AM503 
P6302  or  Equivalent 


A  @   pf|   KtUT 


'B 

 1 


r=Q=^  1 

•'c  *RL 

vcc  i 


Vcc  =  250  Vdc  IB1  =  10  Adc  RB1  =  10  fl 

R|_=25!l  lB2=2.0Adc  RB2i16ll 

lc=  10  Adc  ForVBE(o)ll=  5  0  V,  RB2  =  0!1 


Note:  Adjust  -V  to  obtain  desired  Vb E<off)  at  p°'nt  A 
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MJ16010.  MJ16012,  MJH16010,  MJH16012 


TABLE  2  -  INDUCTIVE  LOAD  SWITCHING 


HP  214 
or  Equiv 

P.G 


0  . 


=  -35  V  I  I 


20 


0  02„F 
— )(— 


o  <v 


•  11V 


0  02  „F 


500 


ov-£kv 


•«c 


'C(pk) 


vCE(pk) 


Ti  adjusted  to  obtain  iQpk) 

BVCEO 

L=  10  mH 

RB2  =  °° 

VCC  =  20  V  Its 


'Tektronix  AM503 
P6302  or  Equivalent 


|  MR 

 '  vclamp 


VCE 


~"  


vCE(pk|;  vCE(clamp| 


=-  vcc 


Inductive  Switching 

L=  200  MH 
RB2  =  0 
Vcc=  20  V 

Rbi  selected  for  desired  IB1 

Scope  —  Tektronix 
7403  or  Equivalent 


RBSOA 

L=  200  ^H 
RB2  =  0 
VCC  =  20  V 

RB1  selected  for  desired  lgi 


Note  Ad|ust  -V  to  obtain  desired  VBE(0ff|  at  Point  A 
TYPICAL  INDUCTIVE  SWITCHING  WAVEFORMS 


IC(pk|=  10  A 
lB1  =  1  OA 
VBE(off)=5.0V 
VCE(pk)=400V 
TC  = 25°C 
Time  Base  = 
100  ns/cm 


tfi.  tc 


C(pk| 


10  A 


'B1  *  1  OA 
VBE(off)=  5.0  V 
VcE(pk)  =  400  V 
TC  = 25°C 
Time  Base  = 
20  ns/cm 


MJ16010A 
MJH16010A 


® 


MOTOROLA 


Designer's  Data  Sheet 


— 


1.0  kV  SWITCHMODE  III  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  transistors  are  designed  for  high-voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  is  critical. 
They  are  particularly  suited  for  line-operated  switchmode  appli- 
cations. 


Typical  Applications: 

•  Switching 

Regulators 

•  Inverters 

•  Solenoids 

•  Relay  Drivers 

•  Motor  Controls 


Features: 

•  Collector-Emitter  Voltage  — 

VCEX  =  1000  vdc 

•  Fast  Turn-Off  Times 

50  ns  Inductive  Fall  Time-100°C  (Typl 
90  ns  Inductive  Crossover  Time-  100°C  ITyp) 
900  ns  Inductive  Storage  Time-  100aC  (Typl 

•  100°C  Performance  Specified  for: 
Reverse-Biased  SOA  with  Inductive  Load 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  currents 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJ16010A  MJH16010A 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

500 

Vdc 

Collector-Emitter  Voltage 

VCEV 

1000 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous 
—  Peakd) 

ic 

!CM 

15 
20 

Adc 

Base  Current  —  Continuous 
—  Peakd) 

IB 

IBM 

10 
15 

Adc 

Total  Power  Dissipation  (w  Jq  -  25°C 
d  TC  =  100°C 
Derate  above  Trj  =  25°C 

PD 

175 
100 
1.0 

135 
54 
1.09 

Watts 
W  C 

Operating  and  Storage  Junction 
Temperature  Range 

TjJstg 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

°C/W 

Thermal  Resistance,  Junction  to  Case 

Bfcic 

1.0  0.92 

Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for 
5  Seconds 

TL 

275 

c 

Designer's  Data  for  "Worst  Case"  Conditions 

The  Designer's  Data  Sheet  permits  the  design  of  most  circuits  entirely  from  the  information 
presented.  Limit  Curves  —  representing  boundaries  on  device  characteristics  —  are  given  to 
facilitate  "worst  case"  design. 


15  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

500  VOLTS 
125  and  175  WATTS 


t 

EEK 


STYLE  1 

PIN  j.  BASE 

2  EMITTER 

CASE  COLLECTOR 


DIM    WIN  MAX 


la 


MIN  MAX 


NOTES 

1  DIMENSIONS  0  AMI 

2  LX1  'S  SEATING  PI 
j    3  POSITIONAL  TOLEI 

MOUNTING  HOLE  C 


♦  (13IO0O51 


|  ♦  |  H3 10.0051®  T  |  V®j  0©[ 


CASE  1-05 
TO-204AA 
(Formerly  TO-3) 


H  I  BASE 

1  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


DIM 

MIL  LIM 

ETERS 

INCHES 

MIM 

MAX 

MIN 

MA 

A 

70  32 

:i  ua 

lisim 

1.1  8  1 

IS  19 

15  90 

ii  Biti 

II  f,; 

C 

4  19 

5  08 

i>  IB:, 

ii  m 

0 

1  02 

!  65 

0  16 

E 

1  35 

1  65 

0.053 

G 

5  21 

5  72 

322 

M 

1.41 

3  20 

c 

J 

C  38 

0  6* 

:  c  ■-- 

t  12 

niiriimi!1  ii'  i 
niujirnir  11  ■  i 

CASE  340-01 
TO-218AC 
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MJ16010A,  MJH16010A 


ELECTRICAL  CHARACTERISTICS  ITc  =  25°C  unless  otherwise  noted) 

Characteristic  |    Symbol    |    Win    |    Typ    '    Ma,    |    Unit  | 


OFF  CHARACTERISTICS  (1) 


Collector-Emitter  Sustaining  Voltage  (Table  2) 
|lc  =  100  mA.  Ib  =  0) 

VcEO(sus) 

500 

Vdc 

Collector  Cutoff  Current 

(VcEV  =  1000  Vdc,  VBE(off)  =  1.5  Vdc) 

IVCEV  =  1000  Vdc,  VBE(0ff)  =  1.5  Vdc,  TC  =  100°C) 

'CEV 

0.25 
1.5 

mAdc 

Collector  Cutoff  Current 

(VCE  =  1000  Vdc,  RBE  =  50  fl,  TC  =  100TI 

'CER 

2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc,  lC  -  0) 

!eBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

IS/b 

See  Figures  14  or  15 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  16 

ON  CHARACTERISTICS  (1) 

Collector-Emitter  Saturation  Voltage 
(lC  =  5.0  Adc,  lB  -  1.0  Adc) 
(lC  =  10  Adc,  lB  =  2.0  Adc) 
(lC  =  10  Adc,  Ib  =  2.0  Adc,  T£  =  100°C) 

VcE(sat) 

1.0 
1.5 
1.5 

Vdc 

Base-Emitter  Saturation  Voltage 
dc  =  10  Adc,  Ib  =  2.0  Adc) 
(lC  =  10  Adc,  lB  =  2.0  Adc,  TC  =  100°C) 

VBE(sat) 

1 .5 

Vdc 

DC  Current  Gain 
(lC  =  15  Adc,  VCE  =  5.0  Vdc) 

nFE 

5.0 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc,  lE  =  0,  f,est  =  10  kHz) 

Cob 

400 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

(lc  =  10  Adc, 
VCC  =  250  Vdc, 
lB1  =  1.3  Adc, 
PW  =  30  vs, 
Duty  Cycle  s  2.0%) 

(lB2  =  2.6  Adc, 
RB2  =  1  e  11) 

td 

25 

100 

ns 

Rise  Time 

tr 

325 

600 

Storage  Time 

<s 

1300 

3000 

Fall  Time 

tf 

175 

400 

Storage  Time 

(VBE(off)  =  5.0  Vdc) 

ts 

700 

Fall  Time 

tf 

80 

Inductive  Load  (Table  2) 

Storage  Time 

(Tj  =  100°C) 

tsv 

900 

2000 

ns 

Fall  Time 

tfi 

50 

250 

(lC  =  10  Adc, 
lB1  =  1-3  Adc, 
VBE(off)  =  5.0  Vdc, 
VcE(pk)  7  400  Vdc) 

Crossover  Time 

1c 

90 

300 

Storage  Time 

(Tj  =  150-CI 

<sv 

1100 

Fall  Time 

tfi 

70 

Crossover  Time 

<c 

120 

(11  Pulse  Test:  PW  -  300  us.  Duty  Cycle  «  2.0%. 
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MJ16010A.  MJH16010A 


FIGURE  1  -  DC  CURRENT  GAIN 


TYPICAL  STATIC  CHARACTERISTICS 


1 1 1 1 

1 

Tj  =  to 

)°C 

-  Urc  =  R  n  V  — 

2 

°c 

c 

°c 

0.2    0  3      0.5         1.0         2  0    3.0      5.0  10  20 

IC.  COLLECTOR  CURRENT  (AMPSI 


FIGURE  2  —  COLLECTOR-EMITTER  SATURATION  VOLTAGE 


5 

tj 


0.05  t 

0  150  2    0  3      0  5         1.0         2.0    3.0  5.0 
lc,  COLLECTOR  CURRENT  (AMPS) 


10  15 


FIGURE  3  —  COLLECTOR-EMITTER  SATURATION  VOLTAGE 

10  r 


FIGURE  4  —  BASE-EMITTER  SATURATION  VOLTAGE 


001    002       005     0  1     02        05      10  20 
Ig.  BASE  CURRENT  |AMPS| 


C'lB  - 

=  10 

Tj  » 

25°C 

V 

Mr  =  10 

=  100X 

0  16  0.2    0  3      0  5  1.0         2.0    3.0  5.0 

IC.  COLLECTOR  CURRENT  (AMPSI 


FIGURE  5  —  CAPACITANCE 


FIGURE  6  —  PEAK  REVERSE  BASE  CURRENT 


0  1       0  3  0  5   1  0  2  0      5  0    10   20  30  50100 
Vfl.  REVERSE  VOLTAGE  (VOLTS) 
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MJ16010A,  MJH16010A 


TABLE  1  —  RESISTIVE  LOAD  SWITCHING 


t<|  and  t, 


tr  ^  15  ns 


"Tektronix 
AM503 
P6302  or 
Equivalent 


•IB 


vccT 


vcc 

250  V 

Rl 

so  n 

ic 

5.0  A 

vcc 

250  V 

•81 

0.66  A 

Rl 

so  n 

lB2 

1.0  A 

ic 

5.0  A 

Rbi 

20  Q 

IB 

0.66  A 

«B2 

4.0  n 

•Note:  Adjust  -  V  to  obtain  desired  VRE(0ff)  at 
Point  A. 

For  vBE(off,  =  5.0  V,  RB2  -  0 
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MJ16010A,  MJH16010A 


TABLE  2  —  INDUCTIVE  LOAD  SWITCHING 


Lc0i|  (lCpk) 

Ti  adjusted  to  obtain  lc(pk) 

BVCEO 

L  =  10  mH 

RB2  ~  » 

VCC  =  20  Volts 


•Tektronix  AM503 
P6302  or  Equivalent 


Inductive  Switching 

L  =  200  uH 

RB2  =  0 

VCC  =  20  Volts 

Rg1  selected  for  desired  Igi 

Scope  —  Tektronix 
7403  or 
Equivalent 


RBSOA 

L  =  200  fiH 
RB2  =  0 
VCC  =  20  Volts 
Rbi  selected  for  desired  Igi 


Note:  Adjust  -V  to  obtain  desired  VBE(0ff)  at  Point  A. 


FIGURE  7  —  INDUCTIVE  SWITCHING  MEASUREMENTS 


'c  P 

k     1  I 

'  *L  /~0'CElDkl 

90*VcE(pkl  Aa»IC(pk| 
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 <■  

VCE  — 

IUJO  vl,t(pK) 
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TIME 
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MJ16010A,  MJH16010A 


TYPICAL  INDUCTIVE  SWITCHING  CHARACTERISTICS 


IC/lBI  -  5  0,  TC  =  1<XrC.  VcE(pk)  =  *00  V 
FIGURE  8  —  STORAGE  TIME 


3  0  5.0        7  0 

IC.  COLLECTOR  CURRENT  (AMPS1 


FIGURE  10  —  COLLECTOR  CURRENT  FALL  TIME 


1-5       2  0  3  0  5  0         7  0  10 

IC.  COLLECTOR  CURRENT  [AMPSl 


1.5  2.0 


3  0  5.0         7  0  10 

lc.  COLLECTOR  CURRENT  (AMPS) 


IC/'BI  =  ™,  TC  =  100°C.  VCE(pk|  =  400  V 
FIGURE  9  —  STORAGE  TIME 


70 
AMPS) 


FIGURE  11  —  COLLECTOR  CURRENT  FALL  TIME 


15  20 


3  0  5  0         7  0 

IC.  COLLECTOR  CURRENT  (AMPSl 


1.5       20  30  5.0         70  10  15 

lO  COLLECTOR  CURRENT  (AMPSl 
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MJ16010A,  MJH16010A 


GUARANTEED  OPERATING  AREA  INFORMATION 


FIGURE  14  —  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA  —  MJ16010A 


FIGURE  15  —  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA  —  MJH16010A 


VCE,  COLLECTOR  EMITTEH  VOLTAGE  (VOLTS) 


VOLTAGE  (VOLTS) 


FIGURE  16  —  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPERATING  AREA 


FIGURE  17  —  POWER  DERATING 


±  40 


VBE(o 

1|  =  0 

\ 

VBEIoff 

=  5.( 

V 

IC'IB  *  4 
_  Tj  «  100 

I 

0 

X 

300     400    500     600     700     800     900    1000  1100 
uC£|pk)-  pEAK  COLLECTOR-EMITTER  VOLTAGE  (VOLTSJ 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  abil- 
ity of  a  transistor:  average  junction  temperature  and 
second  breakdown.  Safe  operating  area  curves  indicate 
IC  —  VCE  limits  of  the  transistor  that  must  be  observed 
for  reliable  operation;  i.e.,  the  transistor  must  not 
be  subjected  to  greater  dissipation  than  the  curves 
indicate. 

The  data  of  Figures  14  and  15  are  based  on  Tc  = 
25°C;  Tj(p|()  is  variable  depending  on  power  level.  Sec- 
ond breakdown  pulse  limits  are  valid  for  duty  cycles  to 
10%  but  must  be  derated  when  Tq  s=  25°C.  Second 
breakdown  limitations  do  not  derate  the  same  as  ther- 
mal limitations.  Allowable  current  at  the  voltages 
shown  on  Figures  1 4  and  1 5  may  be  found  at  any  case 
temperature  by  using  the  appropriate  curve  on  Figure 
17. 

TJ(pk)  may  De  calculated  from  the  data  in  Figure  18. 
At  high  case  temperatures,  thermal  limitations  will  re- 
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duce  the  power  that  can  be  handled  to  values  less  than 
the  limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base-to-emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value 
of  collector  current.  This  can  be  accomplished  by  sev- 
eral means  such  as  active  clamping,  RC  snubbing,  load 
line  shaping,  etc.  The  safe  level  for  these  devices  is 
specified  as  Reverse  Bias  Safe  Operating  Area  and  rep- 
resents the  voltage-current  condition  allowable  putting 
reverse  biased  turn-off.  This  rating  is  verified  under 
clamped  conditions  so  that  the  device  is  never  subjected 
to  an  avalanche  mode.  Figure  16  gives  the  RBSOA  char- 
acteristics. 
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MJ16010A,  MJH16010A 


FtGURE  18  —  THERMAL  RESPONSE 
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MJ16014 
MJ16016 


® 


MOTOROLA 


Designer's  Data  Sheet 


SWITCHMODE  III  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  transistors  are  designed  for  high -voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  is  critical.  They 
are  particularly  suited  for  line-operated  switchmode  applications. 
The  MJ16016  is  a  selected  high-gain  version  of  the  MJ 1601 4  for 
applications  where  drive  current  is  limited. 


Typical  Applications: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 

•  Fast  Turn-Off  Times 

40  ns  Inductive  Fall  Time  —  75°C  (Typ) 

40  ns  Inductive  Crossover  Time  —  75°C  {Typ) 

800  ns  Inductive  Storage  Time  —  75°C  (Typ) 

•  Operating  Temperature  Range  -65  to  +200°C 

•  100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


MAXIMUM  RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter  Base  Voltage 

^EB 

6.0 

Vdc 

Collector  Current  —  Continuous 
—  Peak(l) 

'c 

■cm 

20 
30 

Adc 

Base  Current  —  Continuous 
—  Peak(l) 

'b 

>BM 

10 

20 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
@  TC  =  100°C 

Derate  above  25°C 

PD 

250 
143 
1  43 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature' Range 

TJ-  Tstg 

-65  to  +200 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rejc 

07 

=  C  W 

Maximum  Lead  Temperature  for  Soldering 
Purposes  1  8"  from  Case  for  G  Seconds 

tl 

275 

°c 

20  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

460  VOLTS 
260  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits 
the  design  of  most  circuits  entirely  from 
the  information  presented.  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  to  facilitate 
"worst  case"  design. 


II!  Pulse  Test  Pulse  Width  =  5  ms.  Duty  Cycle  S  10% 


STYLE  1 

PIN  I.  BASE 

2.  EMITTER 
CASE.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

Ml N    J  MAX 

MIN 

MAX 

A 

38.35  1  39.37 

1.510 

1.650 

I 

19.30 

21.08 

0  760 

0  830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

0 

10.67 

11.18 

0  420 

0  440 

H 

5.21 

5.72 

0  205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0  480 

0 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 

CASE  197-01 
MODIFIED  TO-3 
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MJ16014,  MJ16016 


MJ16014 

ELECTRICAL  CHARACTERISTICS  (Tc  =  2S°C  unless  otherwise  noted)  

Characteristic  I     Symbol    |      Min      |       Typ      [       M.x      |       Unit  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  2) 
<lc=100mA,  lB  =  0) 

vCE0(sus) 

450 

Vdc 

Collector  Cutoff  Current 

(VCEV  =  850  Vdc-  vBE(off>  "  1  5  Vdc> 

(VCEV  =  850  Vdc.  VBE(of),  =  1 .5  Vdc,  Tc  =  100°C) 

!CEV 

0.25 
1.5 

mAdc 

Collector  Cutoff  Current 
|VCE  =  850  Vdc.  RBE  =  50  ft,  TC  =  1 00°C) 

ICER 

25 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc.  IC  =  0) 

lEBO 

10 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

lS/b 

See  Figure  1  5 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  16 

ON  CHARACTERISTICS  (1) 


Collector-Emitter  Saturation  Voltage 
9C=  10  Adc.  IB  =  1.3  Adc) 
(lC=15Adc.  lB  =  20Adc) 
(lc=  15  Adc.  IB  =  2  0  Adc.  Tc  =  100°CI 

vCE(satl 

2  5 
3.0 
30 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc=  15  Adc.  lB  =  2.0Adc) 
(IC  =  1 5  Adc.  IB  =  2.0  Adc.  TC  =  100-C) 

^BE(sat) 

15 
1.5 

Vdc 

DC  Current  Gain 
dC^20Adc.  VC£  =  50Vdc 

"FE 

50 

DYNAMIC  CHARACTERISTICS 


Output  Capacitance 
(VCB  =  10  Vdc.  l£  =  0.  f,es,  =  1 .0  kHz! 

Cob 

— 

500 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

<d 

20 

50 

(lc  =  1 5  Adc. 
VCC  =  250  Vdc. 
IB1  =  2  0  Adc. 
PW  =  30  ^s, 
Duty  Cycle  <S2.0%) 

(lB2  =  4  0  Adc, 
Rg  =  1  611) 

ns 

Rise  Time 

'r 

200 

500 

Storage  Time 

Is 

1200 

2700 

Fall  Time 

<f 

200 

350 

Storage  Time 

(VBE(off)  •  5.0  Vdc) 

Is 

650 

Fall  Time 

if 

80 

Inductive  Load  (Table  2) 

Storage  Time 

800 

2700 

(Tc=  100°C) 

>sv 

ns 

Fall  Time 

(lC=  15  Adc, 
lB1  =  2  0  Adc. 
VBE(off>  =  5.0  Vdc, 
VCE(pk)  =  400Vdc) 

If. 

50 

200 

Crossover  Time 

>c 

90 

250 

Storage  Time 

(Tc=  150°C) 

•sv 

1050 

Fall  Time 

tfi 

70 

Crossover  Time 

<C 

120 

(1 1  Pulse  Tesl.  PW    300  »s.  Duly  Cycle  s;2% 

"0f  =Jc_ 

■ftl 
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■ 

MJ16016 

ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  otherwise  noted)  

Characterise  |     Symbol    |      Min    |        Typ  Max     |      Unit  | 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  2) 
dC=  100  mA.  IB  =  0) 

vCE0(sus) 

450 

Vdc 

Collector  Cutofl  Current 
(VCEV  =  850  Vdc,  VBE(offl  =  1 .5  Vdc) 
(VCEV  =  850  Vdc,  VBE(0,(1  =  1 .5  Vdc.  TC  =  100°C) 

ICEV 

0.25 
1.5 

mAdc 

Collector  Cutoff  Current 
(VCE  =  850  Vdc.  RBE  =  50  fl.  Tc  =  1 00°C) 

!CER 

25 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc.  IC  =  0) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  1 5 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  16 

ON  CHARACTERISTICS  (11 

Collector-Emitter  Saturation  Voltage 
dC=  10Adc.  IB=  1.0  Adc) 
(lc=  15  Adc.  IB=  1.5  Adc) 
|lc  =  1  5  Adc.  IB  =  1 .5  Adc.  Tc  =  100°C) 

vCE(satl 

2  5 

3  0 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =15  Adc,  lB  =  1 .5  Adc) 
|lc  =  15  Adc,  lB  =  1  5  Adc.  TC  «  100°C> 

vBE(sat) 

15 
15 

Vdc 

DC  Current  Gain 
(lc  =  20  Adc,  Vce  =  5.0  Vdc 

nFE 

7.0 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc.  IE  =  0.  f,es,  »  1 .0  kHil 

Cob 

500 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 1 

Delay  Time 

(lc=  15  Adc, 
VCC  =  250  Vdc, 
lB1  =  15  Adc. 
PW  =  30  ji*. 
Duty  Cycle  <2.0%) 

(lB2  =  3.0  Adc. 
RB  =  1  6  fl) 

•d 

20 

50 

ns 

Rise  Time 

<r 

200 

500 

Storage  Time 

's 

900 

2200 

Fall  Time 

'f 

100 

250 

Storage  Time 

(V8E(off|=5.0Vdcl 

>S 

500 

Fall  Time 

tf 

40 

Inductive  Load  (Table  2) 

Storage  Time 

0C=  15  Adc, 
lB1  =  1.5  Adc, 
VBEIofl)  =  5  0  Vdc. 
^CEIpk)  =  400  Vdc) 

(TC=  100°C| 

<sv 

750 

2500 

ns 

Fall  Time 

tfi 

30 

150 

Crossover  Time 

tc 

50 

200 

Storage  Time 

'sv 

900 

Fall  Time 

IXC=  150°C) 

Wi 

30 

Crossover  Time 

'c 

70 

(1 )  Pulse  Test   PW  -  300  pS.  Dutv  Cycle  €2% 
lB1 
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TYPICAL  STATIC  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN  FIGURE  2  -  COLLECTOR  SATURATION  REGION 


lB,  BASE  CURRENT  (AMPSI 


FIGURE  3  -  COLLECTOR-EMITTER  SATURATION  REGION 


FIGURE  4  -  BASE  EMITTER  VOLTAGE 


0.2    0.3      0.5  0.7    1.0  2.0 

lC.  COLLECTOR  CURRENT  (AMPS) 


5.0  7.0  10 


0  3      0  5  0.7    1.0         2.0    3.0      5.0  7.0    10  20 
lC.  COLLECTOR  CURRENT  (AMPSI 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 


02  o  '01  -at 

VBE  BASE  EMITTER  VOLTAGE  IVOLTSi 


01  10  10  100 

Vr.  REVERSE  VOLTAGE  (V0LTSI 


1000 
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TYPICAL  DYNAMIC  CHARACTERISTICS 


FIGURE  7  -  STORAGE  TIME 


FIGURE  8  -  STORAGE  TIME 


S  2.0 

0= 


1.0 


Vrii„«i  =  0 

Volts 

VBE 

off)  5  2.0 

Volts 

: — 1 

VBE(off)  -  51 

 1  

Volts 



5 

-Tj  = 

75°C 

20        30  50  70 

lc.  COLLECTOR  CURRENT  (AMPS} 


2 


$  'o 

0  7 

0.5 


VbeioHi  --  °  v 

Its^- 

vBE(c 

fil =  2 

0  Vo 

s 

Voc.li.  =  h  i)  Volts 

0  — 

J  -  " 

1 

1.0 


2  0        3  0  5  0      7  0  10 

IC,  COLLECTOR  CURRENT  (AMPS) 


FIGURE  9  -  COLLECTOR  CURRENT  FALL  TIME 


FIGURE  10  -  COLLECTOR  CURRENT  FALL  TIME 


3.0  5.0         7.0  10 

lc.  COLLECTOR  CURRENT  (AMPS) 




Voc/nHt  =  5.0  Volts 



VBE(off 

=  2.0  Vo 



 VBE(off)  =  0  Volt 





-ft=5 
-Tj  =  75° 
-VCC  =  20 

Volts 

3.0  50 

lc.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  11  -  CROSSOVER  TIME  FIGURE  12  -  CROSSOVER  TIME 


If.  COLLECTOR  CURRENT  (AMPS)  [c,  COLLECTOR  CURRENT  IAMPS) 
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F1GURE13  —  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  14  -  REVERSE  BASE  CURRENT 


0  '  0  2  0  3.0  4  0 

UBE(oft|,  REVERSE  BASE  EMITTER  VOLTAGE  IV01TSI 


GUARANTEED  SAFE  OPERATING  AREA  LIMITS 


FIGURE  15  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


10  20  50    70    100  200 

1  VOLTAGE IV0LTS) 


'CE.  COLLECTOR-EMITTER  V 


FIGURE  16  -  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPERATING  AREA 


Tj 

—  Pt 

i  100 

S  4.0 

C 

i 

✓  VBE( 

0  lo  5 

)  V 

«BE  = 

0  

200  400  600 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q— Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e..  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  15  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  S  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 5  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1  8. 

TJ(pk)  may  be  calculated  from  the  data  in  Figure  17. 
At  high  case  temperatures,  thermal  limitations  will  reduce 


the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base-to-emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1 6 
gives  the  RBSOA  characteristics. 
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FIGURE  17  -  THERMAL  RESPONSE 


l.TIME  (MS) 
FIGURE  18  -  POWER  DERATING 


»■ 

Second  B'ltkdoiwn 
/  Derating 

td  and  tr 


40  80  170  ISO 

TC  CASE  TEMPERATURE  l°C] 


TABLE  1  -  RESISTIVE  LOAD  SWITCHING 

ov 


Vdc  »  1 1  Vdc 


Equiv 
PG 


\  W, — 

RB  =  10 

50  | 


■'B 


VCC  4- 


I 


VCC  =  250  Vdc 
RL=  16  n 
lC  =  15  A 
lB=  1  5  A 


trs£15ns 


'Tektronix 
P-6042  or 
Equivalent 


ov^Ulv 

a©      pq  -£7, 


vec 


VCC=250  lB1  =  1.5  A  RB1=  7.5(1 

RL=i6n         ib2  =  3.oa  RB2=i.en 

lC=15A  ForVBE(off)=5.0VRB2  =  On 


•Note  Adjust  -V  10  obtain  desired  VB6i0f(|  at  Point  A 
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TABLE  2      INDUCTIVE  LOAD  SWITCHING 


HP  214 
or  Equiv 
P  G 


2T 


0  02WF  100 


2N6191 


20 

£  10UF 


Lcoil  I'Cpk) 

1  "  vcc 

adjusted  lo  obtain  lc(pk) 


BVCEO 

L=  lOmH 

RB2  =  * 

VCC  =  20  Volts 

•Tektronix 
P-6042  or 
Equivalent 


Inductive  Switching 

L=  200  MH 
RB2  =  0 

Vcc  =  20  Vol,s 

RB1  selected  for  desired  lBt 

Scope  -  Tektronix 
7403  or 
Equivalent 


RBSOA 

L  =  200 MH 
RB2  =  0 

Vcc  -  20  Vol,s 

Rgl  selected  for  desired  IB1 


Note  Ad|ust  -V  to  obtain  desired  VBr;(0ff|  at  Point  A 
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Designers  Data  Sheet 


1.5  kV  SWITCHMODE  III  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  transistors  are  designed  for  high-voltage,  high-speed, 
power  switching  in  inductive  circuits  where  fall  time  is  critical. 
They  are  particularly  suited  for  line-operated  switchmode  appli- 
cations. 

Features: 

•  Collector-Emitter  Voltage  — 
VcEX  =  1500  Vdc 

•  Fast  Turn-Off  Times 
280  ns  Inductive  Fall  Time  -  100°C  (Typ) 
470  ns  Inductive  Crossover  Time  -  100°C  (Typ) 
2.6  /is  Inductive  Storage  Time-  100°C  (Typ) 

•  100°C  Performance  Specified  for: 
Reverse-Biased  SOA  with 

Inductive  Load 

Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


Typical  Applications 

•  Switching 

Regulators 

•  Inverters 

•  Solenoids 

•  Relay  Drivers 

•  Motor  Controls 

•  Deflection 

Circuits 


uits  I 


10 

NPN  SILICON 
POWER  TRANSISTORS 

800  VOLTS 
150  AND  175  WATTS 


I  

MAXIMUM  RATINGS 

Rating 

Symbol 

MJ16018     |  MJH16018 

Unit 

Collector-Emitter  Voltage 

VCEO(sus) 

800 

Vdc 

Collector-Emitter  Voltage 

VCEX 

1500 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current 

—  Continuous 

—  Peak(l) 

ic 

ICM 

10 
15 

Adc 

Base  Current 

—  Continuous 

—  Peakd) 

IB 
IBM 

8.0 
12 

Adc 

Total  Device  Dissipation 
@  TC  =  25°C 
@  TC  =  100T 
Derate  above  25°C 

PD 

176 
100 
1.0 

150 
50 
1.0 

Watts 

w/°c 

Operating  and  Storage 
Junction  Temperature 
Range 

Tj.Tstg 

-65  to  200 

-55  to  150 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance, 
Junction  to  Case 

R«uc 

1.0 

1.0 

°c/w 

Lead  Temperature  for 
Soldering  Purposes,  1/8" 
from  Case  for  5  Seconds. 

TL 

275 

°c 

(11  Pulse  Test:  Pulse  Width  *  5.0  ps.  Duty  Cycle  »  10%. 


Design 

•r*s  Data  for  "Worst  Ca 

se"  Conditions 

The  Designer's  Data  Sheet  p« 

rmits  the  design  of  mc 

st  circuits  entirel 

/  from  the  information 

presented.  Limit  Curves  —  rep 

resenting  boundaries  o 

n  device  charact 

jristics  —  are  given  to 

facilitate  worst  case  oesign. 

DIM 

MILLIMETERS 

INC 

HES 

MIS 

MAX 

m 

MAX 

,  :■ :  • 

1.550 

:  ■  i,- 

:  i:-.u 

6  35 

;  b: 

om 

j  j3C 

o  i: 

: 

ijiliS 

0.043 

140 

1  7,-: 

n  nv, 

n  n-i; 

30  1 

BSC 

I.1B7  BSC 

109 

0.430  BSC 

M 

BSC 

o ;is esc 

16  8 

BSC 

a  Sh-  a: 

ii  ia 

52. 13 

□  440  |    0  480 

0 

Ul 

4  n 

o'b'  ::ss 

i 

SJJTl 

i  C50 

j 

-83 

5  33 

a.  i9o 

: 

V 

381 

4  1? 

0151 

0  165 

NOTES 

I.  DIMENSIONS  Q  ANO  V  ARE  OATUMS 

2  m  IS  SEATING  PLANE  AND  DATUM. 

3  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0. 
|  ♦  1  »  13  I0UO5)©  j  T  1  V~©~1 
FOB  LEADS 


|  ♦  |  «  U(0.005I©T  |  V®  |  Q©| 


CASE  1-05 
TO-204AA 
<TO-3  TYPE) 


73$ 


MILLIMETERS' 


STVLE  1 
1  BASE 
?  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


CASE  340-01 
TO-218AC 
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MJ16018 
MJH16018 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25X  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  21 
(IC  =  100  mA,  lB  =  0) 

VcEO(sus) 

800 

Vdc 

Collector  Cutoff  Current 

(VCEV  =  1500  Vdc,  VBE(off)  =  1.5  Vdc) 

(VCEV  =  1500  Vdc,  VBE(0ff)  =  1.5  Vdc,  TC  =  100X1 

'CEV 

0.25 
1.5 

mAdc 

Collector  Cutoff  Current 

(VCE  =  1500  Vdc,  Rbe  =  50  fl,  TC  =  100X) 

ICER 

2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc,  lc  =  0) 

lEBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

IS/b 

See  Figure  12 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

R8SOA 

See  Figure  13 

ON  CHARACTERISTICS  (1) 

Collector-Emitter  Saturation  Voltage 
IIC  -  5.0  Adc,  lB  =  1.0  Add 
(lC  =  10  Adc,  lB  =  4.0  Adc) 
0C  =  5.0  Adc,  lB  =  1.0  Adc,  TC  =  100X) 

vCE(sat) 

1.5 
1.5 
2.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC  =  5.0  Adc,  lB  =  1.0  Adc) 
(lC  t  5.0  Adc,  lB  =  1.0  Adc,  TC  =  100X) 

vBEIsat) 

1.5 
1.5 

Vdc 

DC  Current  Gain 

llC  •  5.0  Adc,  VCE  =  5.0  Vdc) 

nFE 

7.0 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VcB  =  10  Vdc,  Ig  =  0,  ftest  =  1-0  kHz) 

Cob 

400 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

«d 

50 

100 

ns 

Rise  Time 

(lC  =  5.0  Adc, 

0B2  =  2  0  Adc, 

tr 

300 

400 

Storage  Time 

Vee  =  250  Vdc, 
lB1  =  1.0  Adc, 
PW  =  30  M«, 

RB2  =  3.0  HI 

ts 

2000 

3000 

Fall  Time 

tf 

900 

1200 

Storage  Time 

Duty  Cycle  s  2.0%) 

(VBE(off)  =  2  0  Vdc) 

ts 

1600 

2400 

Fall  Time 

tf 

500 

650 

Inductive  Load  (Table  2) 

Storage  Time 

tsv 

2000 

3000 

ns 

— *  

Fall  Time 

dC  =  5.0  Adc, 
lBi  -  1.0  Adc, 

(Tj  =  25X| 

tfi 

200 

400 

Crossover  Time 

tc 

350 

500 

Storage  Time 

VBE(off)  =  2  0  Vdc, 
VCE(pk)  =  400  Vdc) 

tsv 

2600 

3600 

Fall  Time 

(Tj  =  100X) 

280 

tfi 

460 

Crossover  Time 

tc 

470 

620 

(11  Pulse  Test:  PW- 

-  300  (is,  Duty  Cycle  «  2.0%. 
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TYPICAL  INDUCTIVE  SWITCHING  CHARACTERISTICS 


FIGURE  7  —  STORAGE  TIME 


FIGURE  8  - 


2.0  3.0  5.0 

IC,  COLLECTOR  CURRENT  (AMPS! 


COLLECTOR  CURRENT  FALL  TIME 


2.0  3.0  5.0 

t  COLLECTOR  CURRENT  (AMPS) 
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FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  abil- 
ity of  a  transistor:  average  junction  temperature  and 
second  breakdown.  Safe  operating  area  curves  indicate 
\q — Vcf.  limits  of  the  transistor  that  must  be  observed 
for  reliable  operation;  i.e.,  the  transistor  must  not  be 
subjected  to  greater  dissipation  than  the  curves  indi- 
cate. 

The  data  of  Figure  12  is  based  on  Tc  =  25°C;  Tj{pk) 
is  variable  depending  on  power  level.  Second  break- 
down pulse  limits  are  valid  for  duty  cycles  to  10%  but 
must  be  derated  when  Tq  *  25°C.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limita- 
tions. Allowable  current  at  the  voltages  shown  on  Figure 
12  may  be  found  at  any  case  temperature  by  using  the 
appropriate  curve  on  Figure  11. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  14. 
At  high  case  temperatures,  thermal  limitations  will  re- 


duce the  power  that  can  be  handled  to  values  less  than 
the  limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base-to-emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value 
of  collector  current.  This  can  be  accomplished  by  sev- 
eral means  such  as  active  clamping,  RC  snubbing,  load 
line  shaping,  etc.  The  safe  level  for  these  devices  is 
specified  as  Reverse  Bias  Safe  Operating  Area  and  rep- 
resents the  voltage-current  condition  allowable  during 
reverse  biased  turn-off.  This  rating  is  verified  under 
clamped  conditions  so  that  the  device  is  never  subjected 
to  an  avalanche  mode.  Figure  13  gives  the  RBSOA  char- 
acteristics. 


FIGURE  14  —  THERMAL  RESPONSE 


MJ16018,  MJH16018 


TABLE  1  —  RESISTIVE  LOAD  SWITCHING 


ts  and  tf 


Vdc  -  1  1  Vdc 


•IB 


zffl: 


1- 

I 


Hx 


Vcc  =  250  Ibi  =  1.0  Adc  Rbi  =  10  fi 
RL  =  50  n  lB2  =  2  0  Adc        Rb2  =  3.0  (I 

Iq  =-  5.0  Adc       For  VflEloff)  =  2.0  V  Rb2  =  011 

'  Note  Adjust  -V  to  obtain  desired  Vp,f£(off)  at  Point  A 


s  Lcoil  "Cpk> 
'  vcc 
Ti  adjusted  to  obtain  'c( pk I 

v[BR)CEOIsus) 

L  =  10  mH 

RB2  =  " 
Vcc  =  20  Volts 

•Tektronix 
AM503 
P6302  or 
Equivalent 


Inductive  Switching 

L  =  200  H  H 
RB2  •  0 
Vcc  '  20  Volts 
Rfji  selected  tor  desired  Igi 

Scope  Tektronix 
7403  or 
Equivalent 


rbsoa 

L=  200  ,H 
RB2  =  0 
Vcc  =  20  Volts 
Rbi  selected  for  desired  Ibi 


Note   Adjust   V  to  obtain  desired  VBE(off)  at  Polnt  A 
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MJE105 

(M)  MOTOROLA 


MEDIUM-POWER  PNP  SILICON  TRANSISTOR 

...  for  use  as  an  output  device  in  complementary  audio  amplifiers 
up  to  20-Watts  music  power  per  channel. 


High  DC  Current  Gain  -  hpE  =  25-100  <9>  lc  =  2.0  A 
Thermopad    High-Efficiency  Compact  Package 
Complementary  to  NPN  MJE205 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

50 

Vdc 

Collector-Base  Voltage 

VCB 

50 

Vdc 

Emitter-Base  Voltage 

VEB 

4.0 

Vdc 

Collector  Current 

'C 

5.0 

Adc 

Base  Current 

<B 

2  5 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

■ 

PdI'I 

65 
0.522 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

OJC 

1  92 

°C/W 

(1)  Safe  Area  Curves  are  indicated  by  Figure  1  8 

ELECTRICAL  CHARACTERISTICS  ITr 


h  limits  are  applicable  and  must  be  observed 
25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Mm 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage  (21 
(IC  =  lOOmAdc.  IB  -  0) 

BVCE0 

50 

Vdc 

Collector  Cutoff  Current 
IVCB  =  50  Vdc,  lE  -  01 
IVCB  ■  50  Vdc,  lE'  =  0,  TC  -  150°CI 

'CBO 

0.1 
2.0 

mAdc 

Emitter  Cutoff  Current 
IVBE  =4.0  Vdc.  IC-0I 

'EBO 

1.0 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(lC  =2.0  Adc,  VCE  =  2.0  Vdc) 

hFE 

25 

100 

Base-Emitter  Voltage 

He  -  2.0  Adc,  VCE  =  2.0  Vdcl 

VBE 

1.2 

Vdc 

(2)  Pulse  Test:  Pulse  Width  ^300  us.  D uty  Cycle  <2.0%. 


5  AMPERE 

POWER  TRANSISTOR 
PNP  SILICON 

50  VOLTS 
65  WATTS 


1   2   3   ]_ 


U - 


PIN  I.  EMITTER 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22  BSC 

0.166  BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9°TYP 

9°TYP 

a 

4  70 

4.95 

0.185 

0  195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

1  2^03 

0.080 

CASE  90-05 
TO  127 


3-1090 


MJE105 


FIGURE  1 

10c 


ACTIVE-REGION  SAFE  OPERATING  AREA 


0.1 
1.0 


Tj  =  tM"C  1 

-100 

- 

— 

- 

,  ^ 

\5 .0  mi 

 i  ncnnrtH  l  Limi  i  V  I  u  -  ia-L,  

 ^— ounuinu  wiHt  LI  Mil 

fc 

\ 

2.0       3.0         6.0    7.0      10  20  30 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTS] 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  Iq  -  Vqe  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  i.e..  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 
The  data  of  Figure  1  is  based  on  Tjip^j  =  150  C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk|  <150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can  be 
handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown. 


FIGURE  2  -  "ON"  VOLTAGES 


FIGURE  3  -  DC  CURRENT  GAIN 


0.02  0.03  0  05     0.1       0.2  0.3    0.5       1  0 
IC.  COLLECTOR  CURRENT  (AMPS! 


0.02  0.03    0.05       0.1       0.2  0.3     0.5  0.7  1.0 
IC.  COLLECTOR  CURRENT  IAMPSI 


2.0  3.0  4.0 


FIGURE  4  -  POWER  DERATING 
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MJE170  thru  MJE172  PNP 
MJE180  thru  MJE182  NPN 


® 


COMPLEMENTARY  PLASTIC  SILICON 
POWER  TRANSISTORS 

.  .  .  designed  for  low  power  audio  amplifier  and  low  current,  high 
speed  switching  applications. 

•  Collector-Emitter  Sustaining  Voltage  - 

VCEO(sus)  =  40  Vdc  -  MJE170,  MJE180 
=  60  Vdc  -  MJE171,  MJE181 
=  80  Vdc  -  MJE172,  MJE182 

•  DC  Current  Gain  - 

hpE  *  30  (Min)  @  lc  =  0.5  Adc 
=  12  (Min)  @  lc  =  1.5  Adc 

•  Current-Gain  -  Bandwidth  Product  - 

fT  =  50  MHz  (Min)  @  lc  =  100  mAdc 

•  Annular  Construction  for  Low  Leakages  - 

'CBO  -  100  nA  (Max)  @  Rated  Vqb 


3  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

40-60-80  VOLTS 
12.5  WATTS 


MAXIMUM  RATINGS 


Rating 


Collector-Base  Voltage 


Collector-Er 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


;  Current 


Total  Power  Dissipation  @  TA  -  25°C 
Derate  above  25°C 


Total  Power  Dissipation  @  Tc  -  25°C 
Derate  above  25°C 


Operating  and  Storage  . 
Temperature  Range 


Symbol 


VCB 


VCEO 


VEB 


MJE170 
MJE180 


MJE171 
MJE181 


MJE172 
MJE182 


3.0 
6.0- 


—  1.5  - 

-  0.012  - 


■  12.5  ■ 
-  0  1  - 


Watts 
W/°C 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"JC 

10 

°c/w 

Thermal  Resistance,  Junction  to 
Ambient 

"JA 

83.4 

°c/w 

FIGURE  1  -  POWER  DERATING 


Ta  Tc 
2.8  14 

&  M  1! 

I  2.0  10 

5  1.6  8.0 

a  12  B.O 

o  0.8  4  0 
o 

°"  0.4  2  0 
0  0 


T 

A 

T,  TEMPERATURE  TO 


i_ 


2  ~3 

u 


t- 


STYLE  1 

PIN  1.  EMITTER 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7  49 

7.75 

0  295 

0.305 

C 

2.41 

2.67 

0  095 

0.105 

D 

0.51 

0.6E 

0  020 

0.026 

F 

2.92 

3  18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.026 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

TYP 

3°  TYP 

D 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

u 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

0.040 

CASE  77-04 
TO- 126 
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MJE170,  MJE171,  MJE172,  PNP 


1,  MJE182  NPN 


ELECTRICAL  CHARACTERISTICS  (Tc  =  ?5°C  unless  otherwise  noted! 

I  Characteristic  |       Symbol  Min  |        Max  |  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
llc  =  10  mAdc,  lB  -  0) 

MJE170,  MJE180 
MJE171.  MJE181 
MJE172,  MJE182 

vCEO(susl 

40 
60 
80 

Vdc 

Collector  Cutoff  Current 

'CBO 

u  Adc 

(VC8  =  60  Vdc.  IE  =  0) 

MJE170,  MJE180 

0  1 

IVCB  ■  80  Vdc,  lE  =  01 

MJE171,  MJE181 

0  1 

(VCB  =  100  Vdc,  lE  =  0) 

MJE172.  MJE182 

0.1 

(VCB  =  60  Vdc,  lE  =  0,  TC  =  150°C) 

MJE170,  MJE180 

0.1 

mAdc 

(VCB  =  80  Vdc,  lE  =  0,  TC  =  150°CI 

MJE171,  MJE181 

0.1 

(VCB  =  100  Vdc,  lE  =  0,  Tc  =  150°C) 

MJE172.  MJE182 

0.1 

Emitter  Cutoff  Current 
IVBE  =  7.0  Vdc,  Ic  =  01 

'EBO 

0.1 

MAdc 

ON  CHARACTERISTICS 


DC  Current  Gain 

(lc=  100  mAdc,  VCE  =  1.0  Vdc) 
(lc  =  500  mAdc,  VCE  •  1.0  Vdc] 
(IC-  1.5  Adc,  VCE  =  1.0  Vdc) 

nFE 

50 
30 
12 

250 

Collector-Emitter  Saturation  Voltage 
(Ic  =  500  mAdc,  lB  =  50  mAdc) 
(lc  =  15  Adc.  IB  =  150  mAdc) 
llc  =  3.0  Adc,  lB  -  600  mAdc) 

vCE(satl 

0.3 
09 
1.7 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc=  1.5  Adc.  IB-  150  mAdc) 
(lc  =  3.0  Adc,  lB  =  600  mAdc) 

vBE(sat) 

1.5 
2.6 

Vdc 

Base-Emitter  On  Voltage 

(lc  =  500  mAdc,  VCE  =  1.0  Vdc) 

vBE(on) 

1.2 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain  -  Bandwidth  Product  (1) 
(lc  =  100  mAdc,  VCE  =  10  Vdc.  ftest  =  10  MHz) 

fT 

T 

MHz 

50 

Output  Capacitance 

(VCB  -  10  Vdc.  I e  =  0.  f  =  0.1  MHz)  MJE170/MJE172 

MJE180/MJE182 

60 
40 

pF 

nifT=|hfel»ftest 


o  -  J  


tr.  MElOns 
DUTY  CYCLE  =  IX 


SWITCHING  TIME  TEST  CIRCUIT 

— 1 — I  &kBT*< 

♦30  V 


FIGURE  3  -  TURN-ON  TIME 


RB  and  Rc  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 

0l  MUST  8E  FAST  RECOVERY  TYPE,  eg: 
MB06300  USED  ABOVE  Ib  =100  mA 
MSD6100  USED  BELOW  lB  «100  mA 
For  PNP  test  circuit,  reverse  all  polarities. 


0.03      0.05  0.07  0.1  0.2     0.3        0  5    0.7    1.0  2.0  3.0 

IC,  COLLECTOR  CURRENT  (AMP) 
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MJE170,  MJE171,  MJE172,  PIMP  MJE180,  MJE181,  MJE182  NPN 


FIGURE  4  -  THERMAL  RESPONSE 


1.0  2.0 
t.  TIME  lmt| 

ACTIVE-REGION  SAFE  OPERATING  AREA 


0.2 

0.1 

'0.05 
f 

0.02 
0.01 


SECOND  BREAKDOWN  LIMITED 
CURVES  APPLY  BELOW  |  | 
RATED  VcEO — MJE170; 

— MJE171 
MJE172 


5.0 


10 


20  30 


ma 


VcE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  -  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  —  Vqe  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  5  and  6  is  based  on  Tj{pk)  =  150°C;  Jq  is 

FIGURE  7  -  TURN-OFF  TIME 


0  03     0.05  0.07  0.1  0.2     0.3       0.5   0.7  1.0 

lC,  COLLECTOR  CURRENT  (AMP) 


FIGURE  6  -  MJE180,  MJE181,  MJE182 


10 

5.0 

a- 

< 

20 

E 

1.0 

cc 
—1 

0.5 

a 

0.2 

0.1 

a 

0.05 

0.02 

0.01 

Tc-25»C  (SINGLE  PULSE) 
■  SECOND  BREAKDOWN  LIMITEI 
-  CURVES  APPLY  BELOW 


1.0 


2.0     3.0       5.0   7.0  10 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (V0LTSI 

variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  dutv  cycles  to  10%  provided  Tj(pk|  <  150°C.  Tj(p|<) 
may  be  calculated  from  the  data  in  F  igure  4.  At  high  case  tempera- 
ture, thermal  limitations  will  reduce  the  power  that  can  be  handled 
to  values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  8  -  CAPACITANCE 


i 

j  =  25°C  — 

—  T 

I  I 

rwr  mjc  i  /u  mjc  ml 
NPN  M  I  F  1  an  MIFlfi? 

Iv. 

44- 

Cob 

0.5    0.7    1.0  2.0     3.0       5.0   7.0  10 


VR,  REVERSE  VOLTAGE  (VOLTS) 
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MJE170,  MJE171,  MJE172,  PNP   MJE180,  MJE181,  MJE182  NPN 

Tan  9m  0IS31H 


PNP 

E171,  MJE172 


NPN 

MJE180,  MJE181,  MJE182 


FIGURE  9  -  DC  CURRENT  GAIN 
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< 
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I  50 

CE 

=J 

o 

a  30 
*  20 

10 
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1  1  1  1  I- — 

VCE ' '  0  V 

I 

I 

nor. 

-55°C 

lC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  10  -  "ON"  VOLTAGES 

1.4  r 


lC.  COLLECTOR  CURRENT  (AMP) 


3        0.5   0.7     1.0  2.0     3  0 

IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  11  -  TEMPERATURE  COEFFICIENTS 

+2.0 
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MJE200  npn 
MJE210  pnp 


® 


MOTOROLA 




COMPLEMENTARY  SILICON  POWER 
PLASTIC  TRANSISTORS 

.  .  .  designed  for  low  voltage,  low-power,  high-gain  audio  amplifier 
applications. 

•  Collector-Emitter  Sustaining  Voltage  — 

vCEO(sus)  =  25  Vdc  (Mir|)  ®  'C  =  10  mAdc 

•  High  DC  Current  Gain  —  hpg  =  70  (Min)  <s>  lc  =  500  mAdc 

=  45  (Min)  @  lc  =  2.0  Adc 
4  10  (Min)  @  lC  =  5.0  Adc 

•  Low  Collector-Emitter  Saturation  Voltage  - 

vCE(sat)  =  0-3  Vdc  (Max)  @  Iq  =  500  mAdc 
■  0.75  Vdc  (Max)  @  lc  =  2.0  Adc 

•  High  Current-Gain  —  Bandwidth  Product  — 

fj  =  65  MHz  (Min)  @  lc  =  100  mAdc 

•  Annular    Construction  for  Low  Leakage  —  IcBO  =100  nAdc@  Rated  Vcb 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base  Voltage 

VCB 

40 

Vdc 

Collector-Emitter  Voltage 

vCEO 

25 

Vdc 

Emitter-Base  Voltage 

Veb 

8.0 

Vdc 

Collector  Current  ~  Continuous 
Peak 

ic 

5.0 
10 

Adc 

Base  Current 

>a 

1.0 

Adc 

Total  Power  Dissipation  @  T~c  =  25°C 
Derate  above  25°C 

15 
0.12 

Watts 
W/°C 

Total  Power  Dissipation  @  T^  =  25°C 
Derate  above  25°C 

pd 

1.5 
0.012 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"jc 

8.34 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

9JA 

83.4 
1  

°c/w 
1  1 




5  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

25  VOLTS 
15  WATTS 


z 
o 

32  8.0 
$ 

a 

1  40 

p 

0 

FIGURE  1  -  POWER  DERATING 

1.6 

a 
3 
1 
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STYLE  1 

PIN  1.  EMITTER 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

I 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

0 

0.51 

0.66 

0.020 

0  026 

F 

2.92 

3.18 

0.115 

0.126 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 
K 

0.38 

0.64 

0.015 

0  025 

15.11 

16.64 

0.595 

0.655 

M 

3 

3  TYP 

3"  TYP 

a 

3.76 

4.01 

0.148 

0.168 

R 

1.14 

1.40 

0.045 

0.055 

s 

0.64 

0.89 

0.025 

0.035 

3.68 

3.94 

0.145 

0.156 

1.02 

0.040 

CASE  77  04 
TO-126 


3-1096 


MJE200,  NPN  MJE210  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 
(lc  =  10  mAdc.  IB  -  0) 

vCEO(sus) 

25 

Vdc 

Collector  Cutoff  Current 
(VCB  =  40  Vdc,  lE  =  0) 
(VCB  -  40  Vdc,  lE  =  0,  Tj  =  125°C) 

'CBO 

100 
100 

nAdc 
**Adc 

Emitter  Cutoff  Current 
(VBE  =8.0  Vdc,  lC»0) 

!EBO 

100 

nAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (1) 
llc  =  500  mAdc,  VCE  =  1.0  Vdc) 
(lc=2.0  Adc,  VCE  =  1.0  Vdc) 
(lC  =  5.0  Adc,  VCE  =  2.0  Vdc) 

hFE 

70 
45 
10 

180 

Collector-Emitter  Saturation  Voltage  (1) 
dC  "  500  mAdc,  lB  =  50  mAdc) 
llC  -  2.0  Adc,  1 B  =  200  mAdc] 
(lC  ■  5.0  Adc,  1 B  =  1.0  Adc) 

vCEIsat) 

0.3 
0.75 
1.8 

Vdc 

Base-Emitter  Saturation  Voltage  (1) 
He  =  5.0  Adc,  lB  =  1.0  Adc) 

vBE(sat) 

2.5 

Vdc 

Base-Emitter  On  Voltage  (1) 

dC  '  2.0  Adc.  VCE  =  1.0  Vdc) 

vBE(on) 

1.6 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product  12) 

(lc  =  100  mAdc,  VCE  =  10  Vdc,  ftest  =  10  MHz) 

*T 

65 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc,  lE  =  0,  f  =  0.1  MHz)  MJE200 

MJE210 

cob 

80 
120 

pF 

11)  Pulse  test:  Pulse  Width  =  300  MS,  Duty  Cycle  *  2.0%. 
<2I  fT  =  |  hfe|  .ftest 


FIGURE  2  —  SWITCHING  TIME  TEST  CIRCUIT  FIGURE  3  -  TURN-ON  TIME 


 „    ...  0  05  0OJ  0  ]  02     0  J       05   0  ?    >  0 

FOR  PNP  TEST  CIRCUIT,  REVERSE  ALL  POLARITIES  g  COLLECTOR  CURRENT  (AMP) 
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MJE200,  NPN  MJE210  PNP 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


Tj  =  150°C 
BONDING  WIRE  LIMITEO 
THERMALLY  LIMITED  @  Tc  =  25°C 

(SINGLE  PULSE) 
SECOND  BREAKDOWN  LIMITED 
-CURVES  APPLY  BELOW 
RATED  VCE0 


2.0        3.0  5.0      7.0       10  20 

VCE.  COLLECTOR-EMITTER  VOLTAGE  IVOLTSI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Iq-^CE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  F  igure  5  is  based  on  Tjfp^j  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjp^)  <  150°C.  Tj(pkj  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
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MJE200,  NPN  MJE210  PIMP 


20S3UJ 


NPN 
MJE200 


FIGURE  8  —  DC  CURRENT  GAIN 
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FIGURE  9  -  "ON"  VOLTAGE 
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FIGURE  10  -  TEMPERATURE  COEFFICIENTS 
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MJE205 


JM)  MOTOROLA 


MEDIUM-POWER  NPN  SILICON  TRANSISTOR 


...  for  use  as  an  output  device  in  complementary  audio  amplifiers 
up  to  20-Watts  music  power  per  channel. 

•High  DC  Current  Gain  -  hpE  =  25  100  @  lc  =  2.0  A 
•Thermopad     High  Efficiency  Compact  Package 
•Complementary  to  PNP  MJE  105 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

50 

Vdc 

Collector  Base  Voltage 

VCB 

50 

Vdc 

Emitter-Base  Voltage 

VEB 

4.0 

Vdc 

Collector  Current 

19 

5.0 

Adc 

Base  Current 

'B 

2.5 

Adc 

Total  Device  Dissipation  @Tq  =  25'JC 
Derate  above  25°C 

65 
0.522 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

"JC 

1  92 

°c/w 

TSafe  Area  Curves  are  indicated  bv  Figure  1  Both  limits  are  applicable  and  must  be  observed 
ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unlessotherw.se  noted) 


Characteristic 


Symbol 


I 


1  Unit 


OFF  CHARACTERISTICS 


Collector  Emitter  Breakdown  Voltage  1 
llc  =  100  mAdc.  IB  -  01 

BVCEOt 

50 

Vdc 

Collector  Cutoff  Current 
IVCB  >  50  Vdc.  IE  «  01 
( VCB  =  50  Vdc.  IE  =  0.  TC=  150°CI 

'CBO 

0.1 
2.0 

mAdc 

Emitter  Cutoff  Current 
(VBE  •  4.0  Vdc,  lc  -  01 

Iebo 

1.0 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

dC  =  2.0  Adc,  Vce  ■  2.0  Vdc) 

"FE 

25 

100 

Base-Emitter  Voltage 

1 1  c  =  2.0  Adc,  VCE  -  2.0  Vdc) 

1.2 

Vdc 

(PulseTest    Pulse  Widih<300«s.  Duty  Cycle<2  0%. 


5  AMPERE 
POWER  TRANSISTOR 
NPN  SILICON 

50  VOLTS 
65  WATTS 





1  2 


1  L 


F7 


-4— j 


1± 


STYLE  2: 

PIN  I.  EMITTER 

2.  COLLECTOR 

3.  BASE 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

0 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22  BSC 

0.166  BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

.  16-38 

0.645 

M 

9° 

TYP 

9°" 

TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0  085 

U 

6.22 

6.48 

0.245 

0.255 

v 

2.03 

0.080 

CASE  90-05 
TO  127 
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MJE205 


FIGURE  1  -  ACTIVE  REGION  SAFE 
OPERATING  AREA 
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VCE.  CO  LLECTOH  EMITTER  VOLTAGE  (V0LTSI 


Note  1: 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor;  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  \q  ■  Vqe  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation,  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  1  is  based  on  Tj(pk)  -  t50°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<)  <150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can  be 
handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown. 


FIGURE  2  -  "ON"  VOLTAGES 
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FIGURE  3  -  DC  CURRENT  GAIN 
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FIGURE  4  -  POWER  DERATING 


Tc.CASE  TEMPERATURE  ("CI 
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NPN 


MJE240  thru  MJE244 

PNP 

MJE 250  thru  MJE254 


® 


MOTOROLA 


COMPLEMENTARY  SILICON  POWER 
PLASTIC  TRANSISTORS 

.  .  .  designed  for  low  power  audio  amplifier  and  low-current,  high- 
speed switching  applications. 

•  High  Collector-Emitter  Sustaining  Voltage  - 

VCEO(sus)  =   80  Vdc  <Min>  -  MJE240/2,  MJE250/2 
=  100  Vdc  (Mini  -  MJE243/4,  MJE253/4 

•  High  DC  Current  Gain  <9>  \q  =  200  mAdc 

hpE  =  40-200  -  MJE240,  MJE250 

=  40-120-  MJE241, 243,  MJE251.253 
=  25  (Min)  -  MJE242.44,  MJE252.54 

•  Low  Collector-Emitter  Saturation  Voltage  - 

vCE(sat)  "  0.3  Vdc  (Maxl  @  lc  =  500  mAdc 

•  High  Current  Gain  Bandwidth  Product  - 

fj  =  40  MHz  (Min)  @  lC  =  100  mAdc 

•  Annular  Construction  for  Low  Leakages 

'CBO  =  100  nAdc  (Maxl  @  Rated  Vqb 


4  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

80, 100  VOLTS 
15  WATTS 


MAXIMUM  RATINGS 


Rating 

MJE 240 
MJE241 
MJE242 
MJE  250 
MJE251 
MJE252 

MJE243 
MJE 244 
MJE2S3 
MJE254 

Unit 

Collector  Emitter  Voltage 

vCEO 

80 

100 

Vdc 

Col  lector- Bate  Voltage 

VCB 

80 

100 

Vdc 

Emitter-Base  Voltage 

vEB 

7  0 

Vdc 

Collector  Current  -  Continuous 
Peak 

'C 

4.0 
8  0 

Adc 

Base  Current 

'B 

1  0 

Adc 

Total  Power  Dissipation  <§>  Tc  =  25°C 
Derate  above  25°C 

Pd 

15 
012 

Watts 

W/°C 

Total  Power  Dissipation  9  TA  =  25°C 
Derate  above  25°C 

pD 

1  5 
0012 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperature  Range 

Tj-Tstg 

-65to  t150 

°c 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unii 

Thermal  Resistance,  Junction  to  Case 

"JC 

8  34 

°C/W 

Thermal  Resistance.  Junction  to  Ambient 

''JA 

83  4 

°c/w 

16 

1  8 

o 

f2  8.0 
a 

2  40 

o 

0 

FIGURE  1  -  POWER  DERATING 

t  6 

o 

i 

o 

> 

DN  IWATTSl 

0 

20            40            60           80           100          120          140  1 
T.  TEMPERATURE  CO 

■ 

STYLE  I 

PIN  t.  EMITTER 

2  COUECTDS 

3  BASE 


MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1080 

11.05 

0.425 

0  435 

B 

7.49 

J  75 

1  235 

0  305 

C 

241 

2.67 

0.095 

0  105 

D 

0.51 

0.66 

0.020 

0026 

f 

2.92 

3  18 

0  115 

0  125 

G 

2.31 

246 

0.091 

0097 

H 

1.27 

241 

0.050 

0  095 

J 

0.38 

0.64 

B.61S 

0  025 

I 

15.11 

1664 

0.595 

0  655 

M 

3 

'  TYP 

3°T 

fP 

Q 

3  76 

4.01 

0.148 

0.158 

R 

1.14 

140 

0.545 

0  055 

s 

0.64 

0  89 

0.025 

0  035 

u 

3.68 

3.94 

0.145 

0.155 

v 

1.02 

0.5*0 

CASE  77-04 

TO-126 
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MJE240  thru  MJE244,  NPN, 
MJE250  thru  MJE254,  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted) 


Characteristic 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage 
(lc  -  lOmAdc.  IB  -  0) 


Collector  Cutoff  Current 
(VCB  -  80  Vdc.  IE  *  0) 

IVCB  -  100  Vdc,  lE  -  01 

IVCE  -  80  Vdc.  IE  -  0.  Tc  -  125°C) 

(VCE  *  100  Vdc.  IE  -  0,  TC  -  125°CI 


MJE240MJE241.MJE242, 
MJE250.MJE251.MJE252 
MJE243.MJE244 
 M,|E253,M,IE254 


vCEOIsusl 


80 
100 


MJE240.MJE241 
MJE250.MJE251 
MJE243, 
MJE253, 
MJE240.MJE241 
MJE250.MJE251, 
MJE243, 
MJE253, 


MJE242. 
MJE252 
MJE244. 
MJE254. 
MJE242 
MJE252. 
MJE244 
MJE254 


'CBO 


0.1 
0  1 
0  1 

0.1 


Emitter  Cutoff  Current 
IVBE  -  7  0  Vdc.  Ic  -  01 


uAdc 



ON  CHARACTERISTICS 


DC  Current  Gain 

IIC  -  200  mAdc.  VCE  -  1.0  Vdcl 


(lc  -  1.0  Adc.  VCE  -  1.0  Vdc) 
(lc  •  1.0  Adc.  VCE  -  1.0  Vdc) 
(IC  ■  2.0  Adc,  VCE  =  1.0  Vdcl 


MJE240, 
MJE241, 
MJE243, 
MJE242, 
MJE244 
MJE241 
MJE243 
MJE242 
MJE244, 
MJE240, 


MJE250 
MJE251. 
MJE253 
MJE252. 
MJE254 
MJE251. 
MJE253 
MJE252 
.MJE254 
.MJE250 


"FE 


40 

40 

25 

20 
15 
10 


120 

180 


Collector-Emitter  Saturation  Voltage 
(IC  "  500  mAdc.  Ig  =  50  mAdc) 
dC  -  1.0  Adc,  l8  -  100  mAdc) 

(IC  -  2.0  Adc,  lB  -  200  mAdc) 


All  Types 

MJE241.MJE251.  I 
MJE243.MJE253  ] 
MJE240.  MJE250 


vCE(sat) 


03 
0.6 


Base-Emitter  Saturation  Voltage 
(IC  -  2.0  Adc,  lB  -  200  mAdc) 


VRE(sat) 


Base-Emitter  On  Voltage 

llc  -  500  mAdc.  VCE  =  1.0  Vdcl 


vBEIon) 


DYNAMIC  CHARACTERISTICS 


Current-Gain  -  Bandwidth  Product 

dC  -  100  mAdc.  VCE  -  10  Vdc,  ftes,  =  10  MHz) 

<T 

40 

MHz 

Output  Capacitance 

IVCB  -  10  Vdc,  lE  -  0,  f  -  0.1  MHz)  MJE240/MJE244 

MJE250/MJE254 



Cob 

1  1 

'  

50 
70 

 1 

pF 

FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 


FIGURE  3  -  TURN-ON  TIME 
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tr.  tf  ^10  ns 
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4  V 


RBmd  RC  VARIE0  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
D]  MUST  BE  FAST  RECOVERY  TYPE  eg 
M6D5300  USED  ABOVE  IB  -  100  mA 
MSD6100  USED  BELOW  IB    100  mA 
FOR  PNP  TEST  CIRCUIT.  REVERSE  ALL  POLARITIES 


0.1  0.2  0.4     0.6  1.0 

IC.  COLLECTOR  CURRENT  (AMP) 
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MJE240  thru  MJE244,  NPN, 
MJE250  thru  MJE254,  PNP 


1.0  2.0 

I.  TIME  lira) 


FIGURE  S  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


=    0  5  - 


0.1 
0.05 


Tj  -  150°C  : 
—  -  —BONDING  WIRE  LIMITED  — 

 THERMALLY  LIMITED@Tc  =  25°C 

(SINGLE  PULSE)  I  I  I  I 
SECOND  BREAKDOWN  LIMITED 
CURVES  APPLY  BEL0W5 
RATED VCEO: 


MJE240/MJE242,  MJE250/MJE2523 
MJE243/MJE244.  MJE253/MJE2S4- 


2.0     3.0       5.0   7.0    10  20      30        50    70  100 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  'c  VCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i  e  ,  the  transistor 
must  not  be  subiected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  5  is  based  on  T j|pk)  =  150°C;  Tq  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj{pk)  <  150°C.  Tj|pk)  may  be 
calculated  from  the  data  in  Figure  4  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 


FIGURE  6  -  TURN  OFF  TIME 


FIGURE  7  -  CAPACITANCE 
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MJE240  thru  MJE244,  NPN, 
MJE250  thru  MJE254,  PNP 


NPN 

MJE240  thru  MJE244 


PNP 

MJE250  thru  MJE254 


FIGURE  8  —  DC  CURRENT  GAIN 
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FIGURE  9  -  "ON"  VOLTAGES 
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FIGURE  10  -  TEMPERATURE  COEFFICIENTS 
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NPN 

MJE270 

PNP 

MJE271 


® 


COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

. . .  designed  specifically  for  use  with  the  MC3419  Solid-State  Sub- 
scriber Loop  Interface  Circuit  (SLIC). 


High  Safe  Operating  Area 

IS/B@40V,  1.0  s  =  0.375  A  - 


TO-126 


Collector-Emitter  Sustaining  Voltage 
vCE0(sus)=  100Vdc(Min) 

High  DC  Current  Gain 
hFE@  120  mA.  10  V  =  1500  (Min) 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEO 

100 

Vdc 

Collector-Base  Voltage 

VCB 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

50 

Vdc 



Collector  Current  —  Continuous 
—  Peak 

>c 

20 
40 

Adc 

Base  Current 

<B 

0.1 

Adc 

Total  Power  Dissipation  @  Trj  =  25°C 
Derate  above  25°C 

PD 

15 
0  12 

Watts 

W/°C 

Total  Power  Dissipation  @  Ta  =  25°C 
Derate  above  25°C 

Pd 

1.5 
0.012 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

Rejc 

8  33 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R9JA 

83  3 

°c/w 

2.0  AMPERE 

COMPLEMENTARY 
POWER  DARLINGTON 
TRANSISTORS 

100  VOLTS 
15  WATTS 


m  1 


I- 

K 

L 


SI 


STYLE  3 

PIN  I.  BASE 

2.  COLLECTOR 

3.  EMITTER 


NOTES: 

1.  LEADS,  TRUE  POSITIONED 
WITHIN  0.25  mm  (0.0101  0IA. 
TO  DIM.  "A"  &  "B"  AT 
ERIAL 


OIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0  105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.116 

0  125 

G 

2.31 

2.46 

0.091 

0097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

3  TYP 

3°T 

VP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.056 

S 

0.64 

089 

0.025 

0.036 

U 

3  68 

3.94 

0.145 

0.155 

V 

1.02 

0.040 

CASE  77-04 
TO-126 


3-1106 


MJE270  NPN,  MJE271  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic                                                     Symbol             Min             Max  Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1 } 
(lc=  10  mAdc.  IB  =  0) 

vCE0(sus) 

100 

Vdc 

Collector  Cutoff  Current 
(VCE  =  100  Vdc,  lB  =  0) 

'CEO 

1.0 

mAdc 

Collector  Cutoff  Current 
(VCB  =  100  Vdc.  IE  =  0) 

'CBO 

0.3 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0Vdc.  IC=0) 

lEBO 

0.1 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 
(VqE  =  40  Vdc.  t-IOs,  non-repetitive) 

ls/b 

375 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 
dc  =  20  mAdc.  VCE  =30  Vdc) 
(lc=  120  mAdc.  VCE=  10  Vdc) 

nFE 

500 
1500 

Collector-Emitter  Saturation  Voltage 
dC  =  20  mAdc.  IB  =  0.2  mAdc) 
(lc  =  1 20  mAdc,  lB  =  1 .2  mAdc) 

vCE(sat) 

2  0 

3  0 

Vdc 

Base-Emitter  On  Voltage 
(IC  =  120  mAdc.  VcE  =  10  Vdc) 

2  0 

Vdc 

vBE(on) 

DYNAMIC  CHARACTERISTICS 

Current  Gain  —  Bandwidth  Product  (2) 

'T 

6.0 

MHz 

dC  =  0.05  Adc.  VCE  =  5.0  Vdc,  flest  =  1 .0  MHz) 

■ 

NOTES: 

(1 )  Pulse  Test  Pulse  Width  ^  300  /is,  Dutv  Cycle  ^  2.0%. 

(2)  fT  =  lhfel.fles, 

FIGURE  1  —  DC  CURRENT  GAIN 


FIGURE  2  -  SAFE  OPERATING  AREA 
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30  7.0    10  30 
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MJE340 








PLASTIC  MEDIUM  POWER  NPN 
SILICON  TRANSISTOR 


.  useful  for  high-voltage  general  purpose  applications. 


•  Suitable  for  Transformerless.  Line  Operated  Equipment 

•  Thermopad    Construction  Provides  High  Power  Dissipation  Rating 
for  High  Reliability 


0.5  AMPERE 

POWER  TRANSISTOR 
NPN  SILICON 

300  VOLTS 
20  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

300 

Vdc 

Emitter-Base  Voltage 

30 

Vdc 

Collector  Current  -  Continuous 

'c 

500 

mAdc 

Total  Power  Dissipation  19  Tc  =  25°C 
Derate  above  25°C 

pD 

20 
0.16 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to +150 

°C 

THERMAL  CHARACTERISTICS 


Max 

Unit 

Characteristic 

Symbol 

Thermal  Resistance,  Junction  to  Case 

«JC 

6.25 

°C/W 

ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 
IIC  "  1.0  mAdc.  Ig  •  01 

vCEO(susl 

300 

Vdc 

Collector  Cutoff  Current 
(VCB  -  300  Vdc.  IE  ■  01 

'C80 

too 

uAdc 

Emitter  Cutoff  Current 
IVEB=3  0  Vdc.  lCf  0) 

'EBO 

100 

uAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(lc  =  50  mAdc.  VCE  ■  10  Vdc) 

"FE 

30 

240 

STYLE 

PIN  1.  EMITTER 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10  80 

11.05 

0.425 

0  435 

B 

749 

7  75 

0  7% 

0  305 

C 

2.41 

2.67 

0.095 

0  105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0  125 

G 

2.31 

2.46 

0.091 

0  097 

H 

1.27 

2.41 

0.050 

0  095 

J 

0.38 

0.64 

0  015 

0  025 

K 

15.11 

1664 

0  595 

0  655 

M 

3 

»TYP 

3°TYP 

0 

3.76 

4.01 

0.148 

0  168 

R 

1.14 

1.40 

0.045 

0.055 

s 

0.54 

0.89 

0.025 

0  035 

u 

3.68 

3.94 

0.145 

0.155 

V 

1  02 

n  ii . 

CASE  77  04 
TO- 126 
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MJE340 


'      .  1 


FIGURE  1  -  POWER  TEMPERATURE  DERATING 


FIGURE  2  -  "ON"  VOLTAGES 
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ACTIVE-REGION  SAFE  OPERATING  AREA 
FIGURE  3  -  MJE340 
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There  are  two  limitations  on  the  power  handling  ability  of  a  transistor:  average  junction  temperature  and  second  breakdown.  Safe  operating 
area  curves  indicate  lc~VcE  lim'ts  of  tne  transistor  that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must  not  be  subjected 
to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  3  is  based  on  Tj(pk;  =  150°C;  Jq  is  variable  depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  <  1 50°C.  At  high  case  temperatures,  thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  4  —  DC  CURRENT  GAIN 
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MJE341 
MJE344 


M)  MOTOROLA 


PLASTIC  NPN  SILICON 
MEDIUM-POWER  TRANSISTORS 

.  .  .useful  for  medium  voltage  applications  requiring  high  f  j  such  as 
converters  and  extended  range  amplifiers. 


MAXIMUM  RATINGS 


FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 

1.0c 


Rating 

Symbol 

MJE341 

MJE344 

Unit 

Collector-Emitter  Voltage 

vCEO 

150 

200 

Vdc 

Collector-Base  Voltage 

VCB 

175 

200 

Vdc 

Emitter-Base  Voltage 

V£B 

3.0 

5.0 

Vdc 

Collector  Current  -  Continuous 

ic 

  500  

mAdc 

Base  Current 

>B 

 250   .> 

mAdc 

Total  Power  Dissipation  @Tc  =  25°C 
Derate  above  25°C 

PD 

20 
0.16 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-T«g 

 65  to  +150  - 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

8JC 

6.25 

°C/W 

VCE-  COLLECTOh  EMITTER  VOLTAGE  (VOLTS) 
There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  vCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj(p|<)  m  1 50°C;  Jq  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(pk)  <  150°C.  At 
high  case  temperatures,  thermal  limitations  will  reduce  the  power 
that  can  be  handled  to  values  less  than  the  limitations  imposed  by 
second  breakdown. 



0.5  AMPERE 
POWER  TRANSISTORS 
NPN  SILICON 

150-200  VOLTS 
20  WATTS 


STYLE  1 

PIN  1.  EMITTER 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.426 

0.435 

B 

7  49 

7  75 

0.295 

0.305 

C 

2.41 

2.67 

0  095 

0  105 

D 

0.51 

0  66 

0  020 

0  026 

F 

2.32 

3  16 

5  115 

0  125 

G 

231 

2  46 

0.091 

0097 

H 

1.27 

2.41 

0.050 

0095 

J 

0.38 

0.64 

0  015 

0025 

K 

15.11 

16.64 

0  595 

0.655 

M 

3°TYP 

3°TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3  94 

0  lib 

0.166 

V 

1.02 

0.040 

CASE  77-04 
TO  126 
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MJE341,  MJE344 

JV.A01PI0  "i.  OW 


3  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol                 Min  Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 
(lc  =  1.0  mAdc.  IB  =  01 

u/i F'.n.ii ft  qv  miufin   L 

MJE341 
MJE344 

VcEOlsusI 

150 
200 

Vdc 

 1 

Collector  Cutoff  Current 

(VCE  =  150  Vdc,  lB  -  0)  MJE341 
(VCE  "  200  Vdc,  lB  ■  0)  MJE344 

'CEO 

1.0 
1.0 

mAdc 

Collector  Cutoff  Current 
(VCB=  175  Vdc,  lE  =0) 
(VCB  -  200  Vdc,  lE  -  0) 

MJE341 
^E^4_ 

ICBO 
'CBO 



0.3 
0.1 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  3.0Vdc.  Ic=0l 
(VEB»5.0Vdc,  lC-0) 

MJE341 
MJE344 

iebo 

0.1 

0.1 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(lc  =  10  mAdc,  VCE  =  10  Vdc) 
(lc  =  50  mAdc.  VCE  =  10  Vdc) 

(lc  "  150  mAdc,  VCE  =  10  Vdc) 

"FE 

MJE341 
MJE341 
MJE344 
MJE341 

20 

25 
30 
20 

200 
300 

Collector-Emitter  Saturation  Voltage 
|lc  •  50  mAdc,  lB  •  5.0  mAdc)  MJE344 
(lc=  150  mAdc,  lB  =  15  mAdc)  MJE341 

VCE(sat) 

1.0 

2.3 

Vdc 

Base-Emitter  On  Voltage 

llc  =  50  mAdc,  VCE  =  10  Vdc) 

vBE(on) 

1.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain— Bandwidth  Product 

llc  "  50  mAdc,  VCE  -  25  Vdc,  f  =  10  MHz) 

'T 

15 

MHz 

Output  Capacitance 

cob 

15 

pF 

(VCB  =  20  Vdc,  lE  =  0,  f  -  100  kHz) 

Small-Signal  Current  Gain 

(lc  =  50  mAdc,  VCE  =  10  Vdc.  ff  1.0  kHz) 

hfe 

25 

FIGURE  2  -  DC  CURRENT  GAIN 


FIGURE  3  -  "ON"  VOLTAGES 
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3-1111 


M)  MOTOROLA 


 1 


PLASTIC  MEDIUM  POWER  PNP 
SILICON  TRANSISTOR 


.  .  .  designed  for  use  in  line-operated  applications  such  as  low  power, 
line-operated  series  pass  and  switching  regulators  requiring  PNP 
capability. 

•  High  Collector-Emitter  Sustaining  Voltage  - 

VCEO(sus)  =  300Vdc@lC=  I.OmAdc 

•  Excellent  DC  Current  Gain  - 

hFE  =  30-240  @  lc  =  50  mAdc 

•  Plastic  Thermopad  Package 








MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

300 

Vdc 

Emitter-Base  Voltage 

VEB 

30 

Vdc 

Collector  Current  -  Continuous 

ic 

500 

mAdc 

Total  Power  Dissipation  @  Trj  -  25°C 
Derate  above  25°C 

20 
0  16 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TjTstg 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Ji- 1  *  »JC 

6. 25 

°C/W 

ELECTRICAL  CHARACTERISTICS  ITc    25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 
(IC  -  10  mAdc,  lB  »  01 

vCEOIsusl 

300 

Vdc 

Collector  Cutoff  Current 
IVCB  -  300  Vdc,  lg.»  0) 

!CBO 

100 

/iAdc 

Emitter.  Cutoff  Current 
(VEB  '  3.0  Vdc,  lc  -  0) 

'EBO 

100 

MAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

llc  -  50  mAdc.  VCE  -  10  Vdc) 

"FE 

30 

240 

0.5  AMPERE 

POWER  TRANSISTOR 
PNP  SILICON 


300  VOLTS 
20  WATTS 


2  ~3 


1 


STYLE  1 

PIN  I.  EMITTER 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES  | 

MIN 

MAX 

MIN 

A 

1080 

e~ 

c 

0 

F 

2.92 

G 

2.31 

2.46 

0  09 1 

H 

1.27 

2.41 

0.050 

0  095 

J 

0.38 

0.64 

0  01b 

0  025 

K 

15.11 

16.64 

0.595 

0  655 

r.i 

3 

JTYP 

3°TYP 

a 

376 

4.01 

0.148 

0  158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

11  we 

CASE  77  04 
TO- 126 


3-1112 


MJE350 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  "ON"  VOLTAGES 
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FIGURE  3  -  ACTIVE  REGION  SAFE  OPERATING  AREA 
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VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Ifj  -  VfjE  limits  or  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indi- 
cate. 

The  data  of  Figure  3  is  based  on  Tj(pk)  =  150°C;  Tc  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cyctes  to  10%  provided  Tj(pk)  <  150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown. 
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FIGURE  4  -  TEMPERATURE  COEFFICIENTS 
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FIGURE  5  -  POWER  DERATING 
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MJE370 

(M)  MOTOROLA 


PLASTIC  MEDIUM  POWER  PNP 
SILICON  TRANSISTOR 


.  .  .  designed  for  use  in  general-purpose  amplifiers  and  switching 
circuits.  Recommended  for  use  in  5  to  1 0  Watt  audio  amplifiers  uti- 
lizing complementary  symmetry  circuitry. 


•  DC  Current  Gain  -  hFE  =  25  (Mm)  ( 

•  Complementary  to  NPN  MJE520 


IC  =  1.0  Adc 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

30 

Vdc 

Collector-Base  Voltage 

VCB 

30 

Vdc 

Emitter-ease  Voltage 

veb 

4.0 

Vdc 

Collector  Current  -  Continuous 

!c 

3.0 

Adc 

-  Peak 

7,0 

8ase  Current  -  Continuous 

B 

2.0 

Adc 

Total  Power  Dissipation  @  Tc  *  25°C 
Derate  above  25°C 

PD 

25 
0.2 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

»JC 

5.0 

°C/W 

ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

MM 

Ma, 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage I  1 1 
dc  "  100  mAdc,  lB  "  0) 

vCEOIsus) 

30 

Vdc 

Collector-Base  Cutoff  Current 
(VCB  "  30  Vdc.  IE  -  0) 

ICBO 

100 

MAdc 

Emitter-Base  Cutoff  Current 
IVEB  -  4.0  Vdc.  IC  -  01 

'EBO 

100 

dAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 
(lc  -  1.0  Adc,  VCE  =  1.0  Vdc) 

hFE 

25 

(DPuls.  Test:   Pulse  Width  5300  m.  Duty  Cycle  -Z2.0H,. 


3  AMPERE 
POWER  TRANSISTOR 
PNP  SILICON 

30  VOLTS 
25  WATTS 


jpL.tH 


K 

L 


STYLE  I 

PIN  1.  EMITTER 
2.  COLLECTOR 
3  BASE 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11  Ob 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0  305 

C 

2.41 

2.67 

0  095 

0  100 

0 

0.51 

0.66 

0020 

n  n?ii 

F 

2.92 

3  18 

0.115 

0  125 

G 

2  31 

2  46 

0  091 

0097 

H 

1.27 

241 

0.050 

0  095 

J 

0.38 

064 

0.015 

0  025 

K 

15  11 

16.64 

0  595 

0.655 

H 

3°TYP 

3°TYP 

G 

3.76 

4  01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.04 

0.89 

11.025 

0035 

U 

3.68 

J  94 

0  145 

0  155 

V 

1  02 

0.040 

CASE  77  04 
10-126 


3-1114 


MJE370 


FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 
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VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  -  Vqj:  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  based  on  Tjjpk(  =  150°C;  Tq  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tjjpkj  <  150°C.  At 
high  case  temperatures,  thermal  limitations  will  reduce  the  power 
that  can  be  handled  to  values  less  than  the  limitations  imposed  by 
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FIGURE  2  -  DC  CURRENT  GAIN 
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MOTOROLA 


PLASTIC  MEDIUM-POWER  PNP 
SILICON  TRANSISTORS 


.  .  .  designed  for  use  in  general-purpose  amplifier  and  switching 
circuits.  Recommended  for  use  in  5  to  20  Watt  audio  amplifiers  uti- 
lizing complementary  symmetry  circuitry. 


•  DC  Current  Gain  -  hpE  ■  40(Min)  @>  lc  =  1.0  Adc 

•  MJE371  is  Complementary  to  NPN  MJE521 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEO 

40 

Vdc 

Collector-Base  Voltage 

VCB 

40 

Vdc 

Emitter-Base  Voltage 

VEB 

4.0 

Vdc 

Collector  Current  -  Continuous 
-  Peak 

ic 

4.0 

8.0 

Adc 

Base  Current  -  Continuous 

'B 

2.0 

Adc 

Total  Power  Dissipation  @  Tc  -  25°C 
Derate  above  25°C 

Pd 

40 

320 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

«JC 

3.12 

°C/W 

ELECTRICAL  CHARACTERISTICS  ITC  -  25°C  unless  otherwise  notedl 

Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  ( 1 1 
Oc=100mAdc.  I B  =  0) 

VcEOIsusI 

40 

Vdc 

Collector-Base  Cutoff  Current 
(VCB  =  40Vdc,  lE  =  0> 

ICBO 

100 

ti  Adc 

Emitter-Base  Cutoff  Current 
(VfjB  =  4.0  Vdc.  Ic  =  0) 

'EBO 

100 

uAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  11) 

(IC  =  1.0  Adc.VCE  =  10Vdcl 

nFE 

40 

4  AMPERE 

POWER  TRANSISTORS 
PNP  SILICON 

40  VOLTS 


(1) 


I  Test:  Pulse  WidthS  300  us  Duty  Cycle*  2.0%. 


STYLE  1 

PIN  1.  EMITTER 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

ft 

10  80 

11.05 

Q.425 

0.436 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

292 

3.18 

0.115 

0.125 

G 

231 

2.46 

0.091 

0.097 

H 

1.27 

2  41 

aoso 

0  095 

J 

0.38 

0.64 

0015 

0.025 

K 

15.11 

16.64 

0.595 

0.E55 

M 

3 

1  TYP 

3«T 

VP 

a 

3  76 

4.01 

0  148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

1 

0.64 

0.89 

0.025 

0.035 

354 

0.155 

CASE  77-04 

TO-126 
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MJE371 


FIGURE  1  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


Tj-  150°C 


 —Bonding  Wire  Limit 

_  — —  Second  Breakdown  Limit 
 Thermal  Limit  9  Tc  -  25°C 
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VCE.  COLLECTOR-EMITTER  VOLTAGE  [VOLTSI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  VCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  Is  based  on  Tj(pk)  -  160°C;  Tc  Is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
ere  valid  for  duty  cycles  to  10%  provided  Tj(pkj  £  150°C.  At 
high  case  temperetures,  thermal  limitations  will  reduce  the  power 
that  can  be  handled  to  values  less  then  the  limitations  imposed  by 


FIGURE  2  —  DC  CURRENT  GAIN 


FIGURE  3  -  "ON"  VOLTAGE 
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MJE520 

(M)  MOTOROLA 


PLASTIC  MEDIUM-POWER  NPN 
SILICON  TRANSISTOR 


.  .  .  designed  for  use  in  general  purpose  amplifier  and  switching 
circuits.  Recommended  for  use  in  5  to  10  Watt  audio  amplifiers  uti- 
lizing complementary  symmetry  circuitry. 

•  DC  Current  Gain  -  hpf.  *  25  (Min)  @  \q  =  1 .0  Adc 

•  Complementary  to  PIMP  MJE370 


3  AMPERE 

POWER  TRANSISTOR 
NPN  SILICON 

30  VOLTS 
25  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

30 

Vdc 

Collector-Base  Voltage 

VCB 

30 

Vdc 

Emitter-Base  Voltage 

VEB 

4.0 

Vdc 

Collector  Current  -  Continuous 

iq 

3.0 

Adc 

-  Peak 

7  0 

Base  Current  -  Continuous 

'  B 

2  0 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

1*D 

25  , 
0.2  1 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  TS,g 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

»JC 

50 

°C/W 

ELECTRICAL  CHARACTERISTICS 

Tc  =  25CC  unless  otherwise  noted) 

Characteristic 

Symbol 

Mm 

Ma, 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 
OC  =  100  mAdc.  iB  =■  0) 

vCEO(susl 

30 

Vdc 

Collector-Base  Cutoff  Current 
(VCb  i  30  Vdc.  I'E  -  0) 

'CBO 

100 

uAdc 

Emitter-Base  Cutoff  Current 
IVEB  »  4.0  Vdc.  IC  a  0) 

'EBO 

100 

MAdc 

ON  CHARACTERISTICS 

DC  Current  Gaind* 

(lc  =  1.0  Adc,  VCE  .  1.0  Vdcl 

nFE 

25 

(1)  Pulse  Test:   Pulse  Width  «  300  MS.  Duty  Cycle  <2.0%. 

["  ^   7  C 


STYLE  I 

PIN  I.  EMITTER 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

n 

10.80 

11.05 

0.426 

0.435 

B 

7  49 

7  75 

0.295 

0.305 

c 

241 

267 

0095 

0.105 

D 

0.51 

(166 

0020 

n  026 

F 

2.92 

3.18 

0.115 

0  12b 

G 

2.31 

2.46 

0  091 

0  0S  7 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.O25 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

1TYP 

3°  TYP 

0 

3  75 

4.01 

0  148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

064 

0.89 

0025 

0  035 

II 

3  68 

3.94 

0.145 

0.155 

V 

1.02 

0  040 

CASE  77-04 
TO- 126 
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MJE520 


T  ,€0831111  mm  T  ,00831111 


FIGURE  1  ACTIVE-REGION  SAFE  OPERATING  AREA 
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VCE.  COLLECTOR-EMITTER  VOLTAGE  IVOLTS] 


The  data  of  Figure  1  based  on  Tj(pk)  =  150°C;  Tc  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  (TJpk)  <150°C.  At 
high  case  temperatures,  thermal  limitations  will  reduce  the  power 
that  can  be  handled  to  values  less  than  the  limitations  imposed  by 
second  breakdown. 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  -  VCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 


FIGURE  2  -  DC  CURRENT  GAIN 


FIGURE  3  -  "ON"  VOLTAGE 


2  0  3.0   5.0      10       20  30    50       00     200  300  500     1000    2000  2  0  3  0    5.0      10      20  30    50      100      200  300  500    1000  2000 

R  CURRENT  (mA)  lc.  COLLECTOR  CURRENT  ImAI 


FIGURE  4  -  THERMAL  RESPONSE 
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PNP 


MJE700,  T  thru  MJE703,  T 


NPN 


MJE800,  T  thru  MJE803,  T 


® 


PLASTIC  DARLINGTON  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  general-purpose  amplifier  and  low-speed  switching 
applications. 

•  High  DC  Current  Gain  - 

hFE  =  2000  (Typ)  @  lC  =  2.0  Adc 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Resistors  to  Limit  Leakage  Muliplication 

•  Choice  of  Packages  — 

T0126,  MJE700  and  MJE800  series 
TO220AB,  MJE700T  and  MJE800T  series 


MAXIMUM  RATINGS 


FIGURE  1  -  POWER  DERATING 
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4.0  AMPERE 

DARLINGTON 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

40  WATT -TO-126 
50  WATT  -  TO-220AB 


Rating 

Symbol 

MJE700.T 
MJE701.T 
MJE800.T 
MJE801.T 

MJE702.T 
MJE703.T 
MJE802.T 
MJE803.T 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

veb 

5.0 

Vdc 

Collector  Current 

ic 

4.0 

Adc 

Base  Current 

!b 

0.1 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

pd 

TO-126 

TO-220 

Watts 
W/°C 

40 

0.32 

50 
0.40 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 
TO-126 
TO-220 

R9JC 

3.13 
2.50 

"CAN 

DIM 

MILLIMETERS 

INC 

4ES 

MIN 

MAX 

MIN 

MAX 

A 

10  80 

11  OS 

0*2* 

0.435 

B 

7.49 

i  i'j 

0  ?Lli 

(i  m 

C 

2.41 

i  6? 

ti  (135 

0  105 

0 

0  51 

0  66 

o  u?u 

F 

2.32 

3  18 

0  115 

D  125 

G 

2  31 

7'i 

0  091 

0.097 

1.27 

2.41 

0  050 

J  09: 

J 

0  38 

3.64 

DDIS 

.  0:5 

K 

IS.11 

16  64 

0.59S 

::  655. 

M 

I 

TVP 

3°T 

V? 

I  0  158  1 

■  ■■niBFiiniii'ii 

ii  ■■»- j  ^ij  t^^f a 

TO-126 


MJE700-703 
MJE800-803 


STYLE  1 

PIN  I.  EMITTER 
2  COLLECTOR 
3.  BASE 


NOTES 

1.  MT  ■  MAIM  TERMINAL 

2.  LEADS.  TRUE  POSITIONED 
WITHIN  0.25  mm  10  0101  OTA 
TO  DIM  T 4T  AT 
MAXIMUM  MATERIAL 
CONDITION. 


DIM 

MILLIMETERS 

IIC 

H 

MIN    |  MAX 

MAX 

A 

14.60  1  15  75 

0  5  75 

■:  r,;_o 

1 

9.65 

1029 

fl  ISO 

'i  -'-OS 

C 

4  06 

4.82 

0  IB0 

(i  isr 

0 

0.84 

r,  6? 

0  025 

■  ?35 

f 

3.61 

3  73 

0  142 

S  U  ■ 

G 

2  41 

: 

0  095 

lot 

H 

2  79 

3  93 

0  110 

C  -5: 

J 

0  36 

0  5E 

0014 

0  022 

1 

12  70 

IUJ 

0  500 

ir,2 

I 

1  14 

1  35 

0  045 

.  05: 

II 

4  83 

3  33 

0  190 

0210 

a 

2  54 

3  04 

0  100 

0  120 

1 

2.04 

2  73 

0  oeo 

::    1  !' 

s 

1  14 

1.39 

0  04! 

0  ii:: 

T 

5.97 

6.48 

0  235 

i '  :5! 

i 

-# 

1  27 

0050 

2  03 

0  080 

MJE700T-703T 
MJE800T-803T 


CASE  221A-02 


3-1120 


PNP  MJE700,Tthru  MJE703,T 
NPN  MJE800,Tthru  MJE803,T 


ELECTRICAL  CHARACTERISTICS  (Tc  -  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage  (1) 

(lc  -  50  mAdc,  lB  =  0)                   MJE700.T.  MJE701  ,T,  MJE800.T.  MJE801.T 
MJ6702.T,  MJE703.T.  MJE802.T,  MJE803.T 

BVCEO 

60 
80 

Vdc 

Collector  Cutoff  Current 

IVC[£  -  60  Vdc,  lB  =  0)                  MJE700.T,  MJE701  ,T.  MJE800.T,  MJE801  ,T 
(VC£  -  80  Vdc.  IB  -  0)                 MJE702.T.  MJE703.T,  MJE802J.  MJE803.T 

'CEO 

100 
100 

uAdc 

Collector  Cutoff  Current 

IVCB-  Rated  BVCE0.  lE'OI 

(VCB  =  Rated  BVCE0.  IE  =  0,  Tc  -  100°CI 

ICBO 

100 
500 

uAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc,  lc  -  01 

'EBO 

2.0 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (1) 

(lc  "  1.5  Adc,  VCE  -  3.0  Vdc)        MJE700.T,  MJE702.T,  MJE800.T,  MJE802.T 
(IC  -  2.0  Adc.  VCE  =  3.0  Vdcl        MJE701  ,T.  MJE703.T.  MJE801  ,T,  MJE803.T 
IIC  "  4.0  Adc,  VCE  -  3.0  Vdcl                                                     All  devices 

nFE 

750 
750 
100 

Collector-Emitter  Saturation  Voltage  11) 

(IC  -  1  5  Adc,  lB  »  30  mAdc)         MJE700.T,  MJE702.T,  MJE800.T,  MJE802.T 
IIC  "  2.0  Adc,  lB  '  40  mAdc)          MJE701  ,T,  MJE703.T,  MJE801  ,T,  MJE803.T 
(lc  •  4.0  Adc,  lB  -  40  mAdc)          All  Device 

VcE(sat) 

2.5 
2.8 
3.0 

Vdc 

Base-Emitter  On  Voltage  (1 ) 

(lc  -  1  5  Adc.  VCE  "  3.0  Vdcl        MJE700.T,  MJE702.T,  MJE800.T,  MJE802.T 
(lc  "  2.0  Adc.  VCE  "3.0  Vdc)        MJE701  .T,  MJE703.T,  MJE801  ,T.  MJE803.T 
(lc  =  4.0  Adc.  VCE  -  3.0  Vdc)        All  Devices 

vBE(onl 

2.5 
2.5 
3.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

(lc  -  I  S  Adc.  VCE  "  3.0  Vdc,  f  =  1 .0  MHz) 

Ihfel 

1.0 

(11  Pulse  Test:  Pulse  Width  <  300  lis.  Duty  Cycle  <  2.0%. 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT  FIGURE  3  -  SWITCHING  TIMES 


IC.  COLLECTOR  CURRENT  LAMP) 


FIGURE  4  -  THERMAL  RESPONSE  (MJE700T,  800T  series) 


!  TIME  I'm) 
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PNP  MJE700,Tthru  MJE703/T 
NPN  MJE800,Tthru  MJE803,T 


There  are  two  limitations  on  the  power  handling  ability  of 
a  transistor:  average  junction  temperature  and  second  break- 
down. Safe  operating  area  curves  indicate  \q  -  VQE  limits  of  the 
transistor  that  must  be  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 


The  data  of  Figures  6  and  7  are  based  on  Tjjpk)  =  150°C; 
Trj  is  variable  depending  on  conditions.  Second  breakdown  pulse 
limits  are  valid  for  duty  cycles  to  10%  provided  Tj(pk)  <  150°C. 
Tj(pk)  may  be  calculated  from  the  data  in  Figure  4  or  5.  At  high 
case  temperatures,  thermal  limitations  will  reduce  the  power  that 
can  be  handled  to  values  less  than  the  limitations  imposed  by 
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PNP  MJE700,Tthru  MJE703.T 
NPN  MJE800,Tthru  MJE803.T 


PNP 
MJE700.T  sarin 


NPN 
MJE800.T 


FIGURE  10  -  DC  CURRENT  GAIN 
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FIGURE  11  -  COLLECTOR  SATURATION  REGION 
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NPN 


MJE1100  thru  MJE1103 


PLASTIC  MEDIUM-POWER 
COMPLEMENTARY  SILICON  TRAKSISTORS 

Designed  for  use  in  driver  and  output  stages  in  complementary 
audio  amplifier  applications. 


High  DC  Current  Gain  - 

hpE  =  750  IMin)  @  \q  =  3.0  and  4.0  Adc 

TrueThree  Lead  Monolithic  Construction  -  Emitter-Base  Resistors 
to  Prevent  Leakage  Multiplication  are  Built  in. 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJE1090 
MJE1091 
MJE1100 
MJE1101 

MJE1092 
MJE1093 
MJE1102 
MJE1103 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter  Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current 

'C 

5  0 

Adc 

Base  Current 

>B 

0  1 

Adc 

Total  Device  Dissipation  @  Tc  25°C 
Derate  above  25°C 

PD 

70 
0.56 

Watts 

w/°c 

Operating  and  Storage  Junction 
Temperai inn  Range 

TJ-  Tstg 

-55  to  *  150 

uc 

THERMAL  CHARACTERISTICS 


FIGURE  1  -  POWER  DERATING 

80 
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<  60 
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1  30 

S  20 
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*  10 
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)         20        40         60         80        100        120        140  160 
Tr..  CASE  TEMPERATURE  CCl 

5.0  AMPERE 
DARLINGTON 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

60-80  VOLTS 
70  WATTS 


N  — \  — --  A  - 


MJE1090 
MJE1091 
MJE1092 
MJE1093 
MJE1100 
MJE1101 
MJE1102 
MJE1103 


,  OIM 

INCHES  MILLIMETERS 

MIN 

MAX 

MIN 

VAX 

A 

0  495 

fj  5U5 

12  5?D 

:?  =3li 

B 

0.125 

0.135 

3  180 

3  430 

c 

L1C35 

(1  MS 

If,  13(1 

;..  m> 

D 

0043 

0049 

1  090 

■-  240 

E 

0.106 

Q  115 

2  670 

■:.-m 

f 

42; 

ITP 

G 

0G?5 

0.085 

1  910 

I  160 

0  184 

5  185 

4  J00 

4  950 

J 

0  138 

0  148 

3510 

K 

0.595 

0  645 

16  110 

■■■  ;so 

L 

0.032 

0  034 

0813 

0  864 

M 

9°typ 

9° 

YP 

N 

0.245 

0  255 

6  220]   6  480 

STYLE  2 

PIN  IE  WITTER 

2  COLLECTOR 

3  BASE 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"JC 

1.8 

°C/W 

3-1124 


PNP,  MJE1090  thru  MJE1093 
NPN,  MJE1100  thru  MJE1103 


CHARACTERISTICS  (Tc  -  2S°C  unless 


noted) 


|    Symbol     |      Min  ~         Max   Un 


Characteristic 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage'^ 

llc  =  100  mAdc.  IB  =  0)                    MJE1090.  MJE1091,  MJE1100,  MJE1101 

BVCE0 

60 

Vdc 

MJE1092.  MJE  1093,  MJE 1 102.  MJE  1 103 

80 

Collector  Cutoff  Current 

IVCE  =  30  Vdc.  IB  =  0)                     MJE  1090,  MJE  1091,  MJE  1100.  MJE  1101 

'CEO 

500 

MAdc 

IVCE  =  40  Vdc,  lB  =  0)                     MJE  1092,  MJE  1093,  MJE  1102.  MJE  1103 

500 

Collector  Cutoff  Current 

(VCB  =  Rated  BVCE0.  IE  =  0I 

IVCB  =  Rated  BVCF0.  Ip  =  0,  Tc  =  100°C) 

'CBO 

0.2 
2.0 

mAdc 

Emitter  Cutoff  Current 
IVBE  =  5.0  Vdc.  IC  =01 

'EBO 

2.0 

mAdc 

ON  CHARACTERISTICS  (II 


DC  Current  Gain 

Uc  =  3.0  Adc,  VCE  =  3.0  Vdcl            MJE  1090,  MJE  1092,  MJE  11 00.  MJE  1102 

nFE 

750 

llc  =  4.0  Adc,  VCE  -  3.0  Vdc)            MJE  1091,  MJE  1093,  MJE  1101,  MJE  1103 

750 

Collector-Emitter  Saturation  Voltage 

llc  "  3.0  Adc,  lB  =  12  mAdc)             MJE  1090,  MJE  1092,  MJE  11 00.  MJE  11 02 

VCE  (sat) 

2.5 

Vdc 

llc  =  4.0  Adc.  IB  =  16  mAdc)             MJE  1091,  MJE  1093,  MJE  1101,  MJE  1 1 03 

2.8 

Base-Emitter  On  Voltage 

llc  "  3.0  Adc,  VCE  =  3.0  Vdc)            MJE  1090,  MJE  1092,  MJE  11 00,  MJE  1 102 

vBE(on) 

2.5 

Vdc 

Uc  =  4.0  Adc.  VCE  =  3.0  Vdc)            MJE  1091.  MJE  1093,  MJE  1101.  MJE  1103 

2.5 

DYNAMIC  CHARACTERISTICS 


Small-Signal  Current  Gain 

hfe 

1.0 

<lc  =  3.0  Adc,  VCE  =  3.0  Vdc,  f  =  1.0  MHz) 

I'lPulse  Test:   Pulse  Width  <  300  (Is.  Duty  Cycle  <  2.0%. 

FIGURE  2  —  DC  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  secondary  breakdown.  Safe 
operating  area  curves  indicate  \q-  Vqe  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  e.g.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

At  high  case  temperatures,  thermal  limitations  will  reduce  the 
power  that  can  be  handled  to  values  less  than  the  limitations 
imposed  by  secondary  breakdown.  (See  AN-415) 


70  ,00 


2.0     3.0       50    7,0     10  20      30  50 
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FIGURE  3  -  DARLINGTON  CIRCUIT  SCHEMATIC 
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MJE1290  MJE1291  pnp 

MJE1660  MJE1661  npn  /©v  motorola 





COMPLEMENTARY  SILICON 
MEDIUM-POWER  TRANSISTORS 


.  .  .  designed  for  use  in  power  amplifier  and  switching  applications. 

•  High  Collector  Current  — 

IC  =  15  Adc 

•  High  DC  Current  Gain  - 

hFE  =  10  (Mini  @  lc  =  15  Adc 


15  AMPERE 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

40-60  VOLTS 
90  WATTS 




MAXIMUM  RATINGS 


Rating 

Symbol 

MJE 1 290 
MJE1660 

MJE1291 
MJE16R1 

Unit 

Collector-Emitter  Voltage 

Vdc 

vCEO 

40 

60 

Collector-Base  Voltage 

VCB 

40 

60 

Vdc 

Emitter-Base  Voltage 

vEb 

5 

0 

Vdc 

Collector  Current-Continuo 

us 

!c 

15 

Adc 

Base  Current 

5 

5.0 

Adc 

Total  Power  Dissipation  <s>  Tc  =  25°C 
Derate  above  25°C 

pD 

90 
0.72 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-65  to +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristics 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

«JC 

1.39 

°C/W 

FIGURE  1  -  POWER  TEMPERATURE  DERATING  CURVE 

90 
80 

I— 

<  60 
%  50 

2  40 

83 

S  30 
cc 

g  2° 

£  10 
0 



J          25           50          75          100         125         160  175 
Tc.  CASE  TEMPERATURE  <°C) 

1   2  3 


-«-JgU-  r 


T"- 

A 

k 


1 


STYLE  2: 
♦  T  PIN  1.  EMITTER 

2.  COLLECTOR 

3.  BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22  BSC 

^  0.166  BSC 

H 

2  67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9°  TYP 

9°  TYP 

a 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.07b 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

0.080 

CASE  90-05 
TO- 127 

When  mounting  the  device,  torque  not 
to  exceed  8.0  in.  lb. 

If  lead  bending  is  required,  use  suitable 
clamps  or  other  supports  between  tran- 
sistor  case  and  point  of  bend.   
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MJE1290,  MJE1291  PNP/MJE1660,  MJE1661  NPN 


ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic                                                    |    Symbol     |  Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  I" 

(lc  =  200mAdc,  lB  =  0)                                                   MJE 1 290,  MJE 1660 

MJE  1291.  MJE  1661 

vCEOIsus) 

40 
60 

Vdc 

Collector  Cutoff  Current 
(VCE  =  30  Vdc,  lB  -  0) 

ICEO 

1.0 

mAdc 

Collector  Cutoff  Current 

(VCE  =  40  Vdc.  VBE  =  01                                                 MJE1290.  MJE1660 
(VCE  =  60  Vdc.  VBE  =  0)                                                 MJE  1291,  MJE  1661 

Ices 

0.7 

0.7 

mAdc 

Collector  Cutoff  Current 

(VCB  =  40  Vdc,  lE  =  0)                                                     MJE  1290,  MJE  1660 
(VC8  =  60  Vdc,  lE  =  0)                                                     MJE1291,  MJE1661 

'cbo 

0.7 
0.7 

mAdc 

Emitter  Cutoff  Current 

!eBO 

mAdc 

(VBE  =  5.0  Vdc,  lE  =  01 

1.0 

ON  CHARACTERISTICS 

DC  Current  Gain  HI 

dC  =  5.0  Adc,  VCE  =  4.0  Vdcl 
He  =  15  Adc,  VCE  =  4.0  Vdc) 

"FE 

20 
10 

100 

Collector-Emitter  Saturation  Voltage  HI 
(lc  =  15  Adc,  lB  -  1.5  Adc) 

vCE(sat) 

1.8 

Vdc 

Base-Emitter  on  Voltage  HI 
dc  =  15  Adc,  VCE  »  4.0  Vdc) 

vBE(on) 

2.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain-Bandwidth  Product 

llc  =  1.0  Adc,  VCE  =  10  Vdc,  f  =  1.0  MHz) 

<T 

3.0 

MHz 

Small-Signal  Current  Gain 

llc  -  10  Adc,  VCE  =  10  Vdc,  f  =  1.0  kHz) 

hfe 

25 

(II  Pulse  Test:   Pulse  Width <  300  (is.   Duty  Cycle<  2.0%. 

FIGURE  2  -  DC  SAFE  OPERATING  AREA 


I 


The  Safe  Operating  Area  Curves  indicate  \q  Vq€.  ]'m'ts  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 
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MJE2360T 
MJE2361T 


® 


NPN  SILICON  HIGH-VOLTAGE  TRANSISTOR 

.  .  .  useful  for  general-purpose,  high  voltage  applications  requiring 
high  tj. 

•  Collector-Emitter  Sustaining  Voltage  - 
vCEO(sus)  ■  350  Vdc  (Min)  @  lc  =  2.5  mAdc 

•  DC  Current  Gain  - 
hFE  =  40  (Mini  @  lc  =  100  mAdc  -  MJE2361T 

•  Current-Gain— Bandwidth  Product  — 
fj  =  10  MHz  (Typ)  @  lc  =  50  mAdc 


0.5  AMPERE 
POWER  TRANSISTORS 
NPN  SILICON 

350  VOLTS 
30  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector  Emitter  Voltage 

vCEO 

350 

Vdc 

Collector-Base  Voltage 

VCB 

375 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  Continuous 

ic 

0.5 

Adc 

Base  Current 

'B 

0.25 

Adc 

Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

pD 

30 
0.24 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Ma* 

Unit 

Thermal  Resistance.  Junction  to  Case 

»JC 

4.167 

°C/W 

FIGURE  1  -  POWER-TEMPERATURE  DERATING  CURVE 

PD.  POWER  DISSIPATION  IWATTSI 

D          20         40          60         80         100        120         140  16( 
Tc.  CASE  TEMPERATURE  (°C) 

DIM 

MILLIM 

vans 

INCHES 

Mm 

MAX 

MIN 

Max 

* 

■  i  6C 

15  n 

D  S75 

o  s:c 

1 

9  65 

ID 

0  'JS0 

0*0; 

C 

4  06 

4  82 

Q  :  6C 

0  190 

D 

0  6* 

0  85 

0  025 

0  0  si 

F 

381 

3  73 

11  14? 

DM? 

G 

2  41 

26' 

0  095 

0  10'. 

H 

2  ;s 

3  93 

0  1  1  1! 

0  155 

j 

0  ]fc 

:  5> 

10.4 

oc;: 

X 

12  70 

!4  2? 

Li  50U 

u  ;fi? 

L 

1  M 

i  39 

0  04f: 

o  a;- 5 

4  83 

5  33 

0  190 

[1  2  '  0 

0 

2  54 

3  04 

0  100 

0  IV 11 

R 

2  04 

7 

.  igu 

0  1  10 

S 

1  14 

i  39 

- 

0  0'.  i 

T 

S97 

5  if 

;• . 

U 

1  31! 

l  27 

0-SMi 

1  14 

4 

2  03 

"oTeo 

CASE  221A-02 

(TO-220  AB) 
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MJE2360T,MJE2361T 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 

|  Characters  |    Symbol      |       Min       |       Typ       |      Ma~        Unit  | 

OFFCHARACTER,ST.CS 


Collector  Emitter  Sustaining  Voltaged) 
(lc  =  2.5m.Adc,lB  =  0) 

vCEO(susl 

350 

Vdc 

Collector  Cutoff  Current 
IVCE  -  250  Vdc,  lB  =  01 

'CEO 

0.25 

 7Z  

mAdc 

Collector  Cutoff  Current 

IVCE  =  375  Vdc,  VEB(off)  -  '  5  Vdcl 

'CEX 

0.5 

mAdc 

Collector  Cutoff  Current 
IVCB  -  375  Vdc,  lE  '  0) 

ICBO 

0.1 

mAdc 

Emitter  Cutoff  Current 

l£BQ 

0  1 

mAdc 

(VBE  =  5.0  Vdc,  lc  »  0) 

ON  CHARACTERISTICS  11) 

DC  Current  Gain 

UC  =  50  mAdc,  Vce  "  10  Vdc)  MJE2360T 

MJE2361T 

llc  =  100  mAdc,  VCE  -  10  Vdcl  MJE2360T 

MJE2361T 

nFE 

25 
50 
15 
40 

200 

250 

Collector-Emitter  Saturation  Voltage 
lie  "  100  mAdc.  IB  -  10  mAdcl 

vCEIsatl 

15 

Vdc 

Base  Emitter  On  Voltage 

HQ  "  100  mAdc,  VCE  «  10  Vdcl 

vB6(onl 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain   Bandwidth  Product 

IIC  =  50  mAdc.  VCE  ;  10  Vdc,  f  ;  1.0  MHz) 

<T 

10 

MHz 

Output  Capacitance 

IVCB  ■  100  Vdc,  lE  »  0,  f  -  100  kH^I 

cob 

20 

pF 

(l)Putse  Test     Pulse  Width  <  300  ms.  Duty  Cycle  <  2  0% 


FIGURE  2  —  DC  SAFE  OPERATING  AREA 


The  Safe  Operating  Area  Curves  indicate  lc_vCE  limits  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 


5.0      10       20         50      100  200 
VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


3-1129 


NPN 

MJE2801.MJE2801T 

PNP 

MJE2901r  MJE2901T 


COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTORS 

...  for  use  as  an  output  device  in  complementary  audio  amplifiers 
up  to  35-Watts  music  power  per  channel. 


•  High  DC  Current  Gain  -  hpE  =  25-100  @  lc  =  3.0  A 

•  Choice  of  Packages  -  MJE2801.  2901  -  TO-225AB  (TO-127) 

MJE2801T,  2901T  -  TO-220AB 


10  AMPERE 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60  VOLTS 
75.  90  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

Va 

ue 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

Vdc 

Collector-Base  Voltage 

VCB 

60 

Vdc 

Emttter-Base  Voltage 

VEB 

4  0 

Vdc 

Collector  Current 

ic 

10 

Adc 

Base  Current 

'  B 

5.0 

Adc 

Total  Power  Dissipation  @  Jq  -  25°C 
MJE2801, 2901 
MJE2801T, 2901T 

90 

75 

Watts 

Derate  above  25°C 
MJE2801, 2901 
MJE2801T.2901T 

0.72 
0.6 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-55  to  •  1 50 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Mi. 

Unit 

Thermal  Resistance,  Junction  to  Case 
MJE2801,29O1 
MJE2801T, 2901T 

1.38 
1.67 

°C/W 

TSate  Area  Curves  are  indicated  by  Figure 

1    Both  limits  are  applicable  and 

must  be  observed 

ELECTRICAL  CHARACTERISTICS  (Tc  >  25°C  un 

ess  other 

i/vise  notedl 

Characteristic 

» 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage  (1 
llf  200  mAdc,  lB  =  01 

BVCEO 

60 

Vdc 

Collector-Cutoff  Current 
IVCB  -  60  Vdc,  If  -  01 
(VCB  •  60  Vdc.  IE  -  0,  TC  =  150°CI 

'CBO 

0  1 

20 

mAdc 

Emitter  Cutoff  Current 
(VBE  =  4.0  Vdc,  IC  =  01 

'  E  BO 

10 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(lc  =  3.0  Adc.  VCE  ■  2.0  Vdcl 

"FE 

25 

100 

Base-Emitter  Voltage 

IIC  -  3.0  Adc.  VCE  -  2.0  Vdcl 

VBE 

14 

Vdc 

(II  Pulsa  Im    Puis*  Width  <30O  (is.  Duty  Cycle  <2  0%. 


3  JZ 


-I  |i-R 


DIM 

MILLIMETERS 

INCHES 

Mm 

MAX 

MIN   !  MAX 

A 

\i  no 

li  ■': 

ii  ',:<.- 

i..;u 

■ 

its 

10  J9 

o:i0r 

0  4|15 

c 

106 

i  s; 

0  'CO 

0  1  90 

0 

0  64 

c 

(1025 

0  0.3  = 

f 

361 

3  73 

c  u; 

0  1*7 

c 

141 

2  tW 

0  (195 

0  10  = 

H 

2  79 

3  93 

1]  1  1  0 

0  lib 

4 

0  36 

i) 

0  02  2 

K 

12  70 

1*2-7 

0  S00    0  S62 

L 

1  14 

1  !9 

0  045 

0  055 

N 

4  63 

5  ~- 

,  iSO 

D  2 '  0 

a 

2  54 

>  1)4 

0  100 

0  120 

2  04 

;  79 

OOfJQ 

0  110 

s 

1.14 

1  39 

.  ■ 

0  055 

T 

S9? 

1  48 

)  lit 

0  255 

U 

000 

'  n 

: 

0  050 

V 

1  14 

0  045 

I 

2  03 

0  080 

W 

'J  G 


2  COLLECTOR 

3  EMITTfcR 

4  COtltCTOB 


MOTES 

I  a  Ml  i    '■;  Hi  IUDS 

APPLIES  TO  LEADS  i 


IM2LHDNESAI0NE  ffHfflf 
ALL  BOOT  MO  LEAD  IrWEfiULASlTlES 
m  ALLOWED 


CASE  221A4I2 
TO220AB 


3-1130 


mje2801/mje2801t  npn,  mje2901/mje2901t  pnp 

 .  .  /aX\ 


FIGURE  1  -  ACTIVE  REGION 
SAFE  OPERATING  AREA 


70 
50 

30  . 
2.0 

1  0 
0  7 
05 

0J 

0  2 
0  I 


 BONDING  WIRE  LIMITED 

 THERMALLY  LIMIT  @  Tc  -  25°l 

■  SECONDARY  BREAKDOWN  LIN  I 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  lc  ■  ^CE  limits  o(  the  transistor 
that  must  be  observed  for  reliable  operation;  i  e  .  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tj|pj()  =  150°C.  Tq  is  variable 
depending  on  conditions  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  T j ( pic )  ^  150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can  be 
handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown. 


2.0       3.0         5.0     7  0      ID  20  30 

Vet.  COLLECTOR-EMITTER  VOLTAGE  IVOLTSl 


3-1131 


ftiJUUbb,  MJUUbbf  npn 


COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTORS 

...  designed  for  use  in  general  purpose  amplifier  and  switching 
applications. 

•  DC  Current  Gain  Specified  to  10  Amperes 

•  High  Current  Gain  —  Bandwidth  Product  — 

fj  =  2.0  MHz  (Min)  @  lc  =  500  mAdc 

•  Choice  of  Packages  -  MJE3055,  MJE2955  -  TO-225AB  (TO  127) 

MJE3055T,  MJE2955T  -  TO-220AB 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

Vdc 

Collector-Base  Voltage 

VCB 

70 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current 

'C 

10 

Adc 

Base  Current 

'B 

6.0 

Adc 

Total  Power  Dissipation  @       =  25°C 

Pdt 

Watts 

MJE3055,  MJE2955 

90 

W/°C 

MJE3055T,  MJE2955T 

75 

Derate  above  25°C 

MJE3055,  MJE2955 

0.72 

w/°c 

MJE3055T,  MJE2955T 

0.6 

Operating  and  Storage  Junction 

TJ-  Tstg 

-55  to  » 150 

°c 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"cm 

MJE3055,  MJE2955 

1.39 

MJE3055T,  MJE2955T 

1.67 

tSate  Area  Curves  are  indicated  by  Figure 

e  applicable  and 

must  be  observed 

FIGURE  1  -  ACTIVE  REGION  SAFE  OPERATING  AREA 

-1  o'mtV'OOcs 


  SECOND  BREAKDOWN  LIMITED  - 

-*  BONDING  WIRE  LIMITED 

 THERMALLY  LIMITED 

I       I       TC  =  25°CID  =  0.1) 

_L_LI  I  


7.0 


10 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


The>e  (re  two  limitaliont  on  Ihe  DOM'  hjnOi.no  ao.l.t 
i«mptiaiuii  and  v-  ■>■  I  t  i  ■..       Sa'e  oiH'tiing  tn 

ina  tranotM  thai  tmM  t»  oD)*"«Q  'o>  reliable  np«>ji<an  i  a  the  nentitnw  muii  not  be 
lubiected  to  greater  diitn>»iion  ihen  (he  iutv«  indicate 

The  data  o'  I  iju't  '  '1  bated  on  TJipfc,  I50°C  Tc  n  variable  depending  on  londi 
hom     S«ond  -■.  ■■■■■    pui*»  i. m. n  «ie  ••■■d  "o>  duty  cycle*  to  IOX  o'Oo-dM  TJlD(,, 

5  ISO°C  Ai  high  cue  ien-ioe,»iurei  Ifwnal  limitation*  mil  reduce  Ihe  po«n  that  can  be 
handled  lo  vaiuai  Mm  than  the  i.m.iei'Ohi  .mooted  Ov  i«to".i  tweak  no*"  iSh»M4ISAI 


10  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60  VOLTS 
76,  90  WATTS 


STYLE  2 

PIN  t  EMItTEfi 

2  CCULECTOfi 

3  BASE 


DIM 
A 

_  B~ 

"c 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

16  13 

16  3B 

0635 

0  645 

12  5? 

12  S3 

0  495 

0  505 

3  IB 

3  43 

0  125 

0  135 

D 

1  09 

174 

0  043 

oiwy 

F 

3.51 

376 

0  138 

,1 utH 

t 

42 

BSC 

0  16 

Bsc 

2  67 

2  92 

(1  105 

0  115 

J 

0B13 

0  8W 

0  03? 

0  03* 

K 

15  11 

16  36 

0  595 

0  645 

M 

9°  TYP 

90  TYP 

0 

470 

4  95 

0  185 

0  19S 

R 

1  91 

2  16 

0  075 

0  085 

U 

6  22 

648 

0Z45 

0  255 

v 

?03 

0  080 

CASE  90  05 

TO  225AB 
(TO  1271 


?  contemn 
I  (Mints 
»  contemn 


MS  */<MF  A 


M27    0  500  OSS; 


Q  04b    0  05b 


6  48    0  235    0  255 


1  ?7  ;  0  000  0050 


.0  '-;;=•  I 

iiGNIKG  ANO  TSLEMNCMG  PER 
It  M  198? 

MJE2955T 
MJE3055T 


CASE  221 A -02 
TO  220AB 


3-1132 


MJE2955,  MJE2955T,  PNP,  MJE3055,  MJE3055T,  NPN 


ELECTRICAL  CHARACTERISTICS  ITC  =  25°C  unless  otherw.se  noted) 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
(lc  -  200  mAdc.  IB  -  01 

vCE0(sus) 

60 

Vdc 

Collector  Cutoff  Current 
IVCE  -  30  Vdc.  tB  =  0) 

'CEO 

700 

MAdc 

Collector  Cutoff  Current 

(VCE  -  70  Vdc.  VEB|off)  •  1  5  Vdc) 

IVCE  "  70  Vdc.  VEB,o(„  =  I  S  Vdc.  TC  =  150°C> 

'CEX 

10 
50 

mAdc 

Collector  Cutoff  Current 
(VCB  =  70  Vdc,  lE  -  0) 
(VCB  =  70  Vdc.  IE  =  0.  TC  -  150°C) 

'CBO 

10 
10 

mAdc 

Emitter  Cutoff  Current 
(VBE-5.0Vdc.  IC.0) 

'EBO 

50 

mAdc 

ON  CHARACTERISTICS 


DC  Current  Gain  (11 

llc  -  4.0  Adc.  VCE  -  4.0  Vdcl 
He  •  10  Adc,  VCE  =  4  0  Vdcl 

"FE 

20 

50 

100 

Collector-Emitter  Saturation  Voltage  (11 
llc  =  4  0  Adc.  IB  =  0  4  Add 
llc  =  10  Adc.  IB  =  3.3  Adc) 

VcElsat) 

1.1 
8  0 

Vdc 

Base  Emitter  On  Voltage  111 
(IC  -  4  0  Adc.  VcE  "  4.0  Vdcl 

VBElon| 

18 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain-Bandwidth  Product 

(IC  -  500  mAdc.  VCE  -  10  Vdc.  f  =  500  kHz! 

>T 

20 

MHz 

"IPulMT.n    Pui»  Width  ^  300  n%.  Duty  Cycla  ^  2.0%. 

FIGURE  2  —  DC  CURRENT  GAIN 


FIGURE  3  -  POWER  DERATING 


0  01      02       OOS     01       02        05       10       20        bO  10 

ic  collector  current  iampi 


MJE2955.  2955T 


FIGURE  4  -  "ON"  VOLTAGES 


MJE3055,  3055T 


0  2     0.3       OS  1.0  2  0     3.0       SO  10 

IC,  COLLECTOR  CURRENT  (AMP) 


0  1  02    0  3        OS  10  20    30        SO  10 

lC.  COLLECTOR  CURRENT  (AMP) 
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MJE3300  MJE3301  MJE3302  npn 
MJE3310  MJE3311  MJE3312  pnp 


® 


PLASTIC  DARLINGTON  COMPLEMENTARY 
SILICON  ANNULAR   POWER  TRANSISTORS 

.  .  .  designed  for  general-purpose  ampli 
applications. 

•  High  DC  Current  Gain - 

hFE  "  2000  (Typ)  @  lc  =  10  Adc 

•  Collector-Emitter  Sustaining  Voltage  -  @  10  mAdc 

VCEO(sus)  "  40  Vdc  (Mini  -  MJE3310/MJE3300 
=  60  Vdc  (Min)  -  MJE331 1/MJE3301 
=  80  Vdc  (Min)  -  MJE3312/MJE3302 

•  Reverse  Voltage  Protection  Diode 

•  Pinout  Compatible  with  TO-220  Package 

•  Monolithic  Construction  with  Built-in  Base-Emitter  Output 

Resistor 

•  Thermopad  II   Construction  With  Hard  Solder  for  High 

Reliability 


ng 


MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  - 


Continuous 
Peak 


Base  Current 


Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C  

Total  Power  Dissipation  @  T^  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


VCB 


PD 


Pd 


TJ-Tstg 


MJE3310 
MJE3300 


MJE3311 
MJE3301 


MJE3312 
MJE3302 


-  15  - 
0.12- 


—1.5  — 
-0.012- 


Watts 
W/°C 


Watts 
W/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«jc 

8.3  3 

°CAAI 

Thermal  Resistance,  Junction  to  Ambient 

RDJA 

83.3 

°C/W 

FIGURE  1  -  POWER  DERATING 


s 

60  80  100  120 

T,  TEMPERATURE  l°C) 


DARLINGTON 
4- AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

40.  60.  80  VOLTS 
15  WATTS 


5^ 


F 


STYLE  3. 
PIN  1.  BASE 

2.  COLLECTOR 

3.  EMITTER 


DIM 

MILLIMETERS 

INCHES 

Mini 

MAX 

MIN 

MAX 

A 

1080 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0  305 

E 

2.41 

2.67 

0.095 

0  105 

D 

051 

0.66 

0.020 

0  026 

F 

2  92 

3  18 

0.115 

0  125 

G 

2.31 

2.46 

0.091 

0  097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

II  EJ 

0.595 

0  655 

H 

3 

>TYP 

3°  TYP 

0 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

II 

368 

3.94 

0.145 

0.155 

V 

1.02 

0  040 

CASE  77  04 
T0126 


3-1134 


MJE3300,  MJE3301 ,  MJE3302  NPN 
MJE3310,MJE3311,MJE3312  PNP 

ELECTRICAL  CHARACTERISTICS  ITC  =  25°C  unless  otherwise  noted.) 


Characteristic 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  VoltagelU 

(lc=  lOmAdc,  lB-0)  MJE3310.MJE3300 
MJE3311.MJE3301 
MJE3312.MJE3302 

vCE0(sus) 

40 
60 
80 

Vdc 

Collector-Cutoff  Current 

(VCE  »  20  Vdc.  IB  =  0)  MJE3310.MJE3300 
(VCE  -  30  Vdc.  IB  -  0)  MJE3311.MJE3301 
IVCE  =40  Vdc.  IB  =  0)  MJE3312.MJE3302 

'CEO 

100 
100 
100 

uAdc 

Collector  Cutoff  Current 

IVCB  -  Rated  VCE0(sus|.  'E  =  01 

(VCB  =  Rated  VcEOIsusI-  'E  =  «.  TC  "  '00°CI 

'CBO 

1.0 
100 

MAdc 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc.  IC  =  0I 

'EBO 

1.0 

/rAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(lc  -  1.0  Adc,  VCE  -  2.0  Vdc) 
(IC  -  1.5  Adc,  VCE  -  2.0  Vdc) 

n  F  E 

1000 
750 

Collector-Emitter  Saturation  Voltage 
(lc  =  1.5  Adc,  lB  =6.0mAdcl 

vCE(sat) 

1.5 

Vdc 

Base  Emitter  Saturation  Voltage 
(lc  -  1.5  Adc.  IB  -6.0mAdc> 

vBE(satl 

2.5 

Vdc 

Base-Emitter  On  Voltage 

llc  =  1.5  Adc,  VCE  =  2.0  Vdc) 

vBEIon) 

2.5 

Output  Diode  Voltage  Drop 
(lEC  =  2.0  Adc) 

VEC 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 
(lc=  1.0  Adc,  VCE  -  2.0  Vdc) 

fT 

20 

MHz 

I1'  Pulse  Test:  Pulse  Width  * 


,  Duty  Cycle  «  2  0%. 


FIGURE  3  -  TYPICAL  DC  CURRENT  GAIN 


2.0     3.0       5  0   7.0    10  20      30        50  70 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


3000 

20(111 

imp 

ion 

z 

no 

500 

Q 

100 

300 

200 

100 

33( 



-MJ 

0  330 

UE3 

\ 

310 

33 

2- 

Tj 

:  2- 

°C 

V 

E  = 

(  0  \ 

r 

— 

0.3  0  5      0.7       1.0  2.0        3.0    4.0  5.0 

IC,  COLLECTOR  CURRENT  (AMPI 


FIGURE  4  -  DARLINGTON  CI RCUIT  SCHEMATIC 


Emitter 
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MJE3439 
MJE3440 


® 


MOTOROLA 


NPN  SILICON  HIGH-VOLTAGE  POWER  TRANSISTORS 

.  .  .  designed  for  use  in  line-operated  equipment  requiring  high  fr 


•  High  DC  Current  Gain  — 

hFE  =  40-160  @  lc  =  20  mAdc 

•  Current-Gain— Bandwidth  Product  — 

fj  =  15  MHz  (Min)  <s>  lc  =  10  mAdc 

•  Low  Output  Capacitance  - 

C0b  =  10  pF  (Max|  @  f  =  1.0  MHz 


0.3  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 

250-350  VOLTS 
15  WATTS 


MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 
Collector  Current  -  Continuous 


Base  Current 


Total  Power  Dissipation  @  Jq  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


VEB 


TjJstg 


MJE3439  MJE3440 


15 
0.12 


Watts 
W/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

«JC 

8.33 

°C/W 

FIGURE  1  -  POWER  TEMPERATURE  DERATING  CURVE 

S  14 

PD,  POWEB  DISSIPATION  (WAT 

1         20        40         GO         80  1 
TC,  CASE  TEMPERATURE 

0        120         140  1 

°C) 

0 

STYLE  1 

PIN  I.  EMITTER 

2.  COLLECTOR 

3.  BASE 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

;  49 

7.75 

0  295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

066 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0  091 

0.097 

H 

1.27 

2.41 

0.050 

0  095 

J 

0.38 

0.64 

0.015 

0  025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

ITYP 

3°TYP 

0 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0  155 

V 

1.02 

0.040 

CASE  77-04 
TO- 126 


3-1136 


MJE3439,  MJE3440 


■  ■ 


ELECTRICAL  CHARACTERISTICS  (TC  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 

UC  =  5.0mAdc,  lB  =  OI  MJE3439 
llc  =  50  mAdc,  lB  =  01  MJE3440 

vCEO(susl 

350 
250 

Vdc 

Collector  Cutoff  Current 

IVCE  "  300  Vdc,  lB  =  01  MJE3439 
(VCE  -  200  Vdc.  IB  -  0)  MJE3440 

'CEO 

20 
50 

uAdc 

Collector  Cutoff  Current 

(VCE  -  450  Vdc,  VEBIoff)  -  1.5  Vdcl  MJE3439 
(VCE  =  300  Vdc.  VEB(off|  =  1.6  Vdcl  MJE3440 

'CEX 

— 

500 
500 

(lAdc 

Collector  Cutoff  Current 

IVCB  =  350  Vdc,  lE  =  01  MJE3439 
(VCB  =  250  Vdc,  lE  p  01  MJE3440 

'CBO 

20 
20 

jiAdc 

Emitter  Cutoff  Current 
(VBE  •  5.0  Vdc,  lc  •  0) 

'EBO 

20 

AiAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

dC  -  2.0  mAdc,  VcE  •  10  Vdc) 
dc  =  20  mAdc,  VcE  "  10  Vdc) 

"FE 

30 
50 

200 

Collector-Emitter  Saturation  Voltage 
dc  ■  50  mAdc,  1B  =  4.0  mAdcl 

vCE(satl 

0.5 

Vdc 

Base-Emitter  Saturation  Voltage 
He  =  50  mAdc,  lB  =  4.0  mAdc) 

VBE(sat) 

1.3 

Vdc 

Base-Emitter  On  Voltage 

(lc  r  50  mAdc,  VCE  -  10  Vdcl 

vBE(onl 

0.8 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain— Bandwidth  Product 

(lc  =  10  mAdc,  Vce  =  10  Vdc.  f  4  5.0  MHzl 

*T 

15 

MHz 

Output  Capacitance 

(VcB  =  10  Vdc,  lg-  0,f  =  1.0  MHzl 

cob 

10 

pF 

Small-Signal  Current  Gain 

<IC  =  5.0  mAdc,  VCE  =  10  Vdc,  f  =  1.0  kHz) 

hfe 

25 

FIGURE  2  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


The  Safe  Operating  Area  Curves  indicate  lc"vCE  lirnits  below 
which  the  device  will  not  enter  secondary  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power-temperature  derating  must  be  ob- 
served for  both  steady  state  and  pulse  power  conditions. 


1.0     2.0  3.0  5.0  7.0  10       20   30    50  70  100     200   300  500  1000 


vCe.  collector-emitter  voltage  (voltsi 
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NPN 
MJE4340 
MJE4341 
MJE4342 
MJE4343 


PNP 
MJE4350 
MJE4351 
MJE4352 
MJE4353 


® 


MOTOROLA 


HIGH-VOLTAGE  —  HIGH  POWER  TRANSISTORS 

designed  for  use  in  high  power  audio  amplifier  applications  and 
high  voltage  switching  regulator  circuits. 
•  High  Collector-Emitter  Sustaii 


VcEO(sus| 


NPN 

=  100  Vdc  —  MJE4340 
=  1  20  Vdc  —  MJE4341 
=  140  Vdc  —  MJE4342 
=  1 60  Vdc  —  MJE4343 


PNP 
MJE4350 
MJE4351 
MJE4352 
MJE4353 


•  High  DC  Current  Gain  —  @  lc  =  8.0  Adc 

hFE  =  35  (Typ) 

•  Low  Collector-Emitter  Saturation  Voltage  — 

VcE(sat)  =  2.0  Vdc  (Max)  @  lc  =  8  0  Adc 


16  AMPERE 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

100-160  VOLTS 


MAXIMUM  RATINGS 


Collector-Emitter  Voltage 


Collector  Base  Voltage 


Emitter  Base  Voltage 


Collector  Current  —  Continuous 

Peak  |1| 


Base  Current  —  Continous 


Total  Device  Dissipation 
@  Tc  =  25°C 


Operating  and  Storage  Junction  Tj,Tslg 
Temperature  Range 


Symbol 


MJE4340 
MJE4350 


MJE4341 
MJE4351 


MJE4342 
MJE4352 


MJE4343 
MJE4353 


•  16  ■ 
-  20  ■ 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Juncnon  to  Case 


(1)  Pulse  Test:  Pulse  Width     5.0  lis.  Duty  Cycle  5*10%. 


FIGURE  1  -  POWER  DERATING 
REFERENCE.  AMBIENT  TEMPERATURE 

_  3  5 
to 

|  3.0 

|  2  5 

%  2.0 

to 

a 

tc  1.5 
1 

0.5 

0        25        50        75        100        125  150 
TA.  AMBIENT  TEMPERATURE  |°C| 

STYLE  1 : 
t.  BASE 
2.  COLLECTOR 
3  EMITTER 
4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.600 

0.830 

B 

15.49 

15.90 

0  610 

0.626 

C 

4  19 

5.08 

0.165 

0.200 

D 

1.02 

1-65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

12.19 

12.70 

0  480 

0.500 

0 

404 

4.22 

0.159 

0.166 

CASE  340-01 
TO-218AC 
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MJE4340  thru  MJE4343NPN,  MJE4350  thru  MJE4353PNP 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  notedl 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

,  

Collector-Emitter  Sustaining  Voltage  (1 ) 

VcEO(sus) 

Vdc 

(lc  =  200  mAdc,  lB  =  0)                        MJE4340.  MJE4350 

MJE4341,  MJE4351 
MJE4342.  MJE4352 
MJE4343.  MJE4353 

100 
120 
140 
160 

Collector-Emitter  Cutoff  Current 
(VCE  =  50  Vdc.  Ib  =  0)                          MJE4340.  MJE4350 
(VCE  =  60  Vdc,  lB  =  0)                          MJE4341,  MJE4351 
(Vce  *  70  Vdc,  lB  =  0)                          MJE4342,  MJE4352 
|VCE  i  80  Vdc,  lB  =  0)                          MJE4343,  MJE4353 

!CE0 

750 
750 
750 
750 

„Adc 

Collector-Emitter  Cutoff  Current 
(VCE  =  Rated  VCB.  VEB(off|  =  1  5  Vdc) 
(VCE  »  Ra'ed  VCB.  VEB(0ff|  =15  Vdc.  TC  =  1 50»C) 

(CEX 

1.0 
5.0 

mAdc 

Collector-Base  Cutoff  Current 
|VCB  =  Rated  VCB.  IE  =  0) 

ICBO 

750 

wAdc 

Emitter-Base  Cutoff  Current 
|VBE  =  7.0Vdc.  IC  =  0) 
1  

■ebo 

1.0 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 
(lc  =  8.0Adc.  VCE  =  2.0Vdc) 
|lC=16Adc,  VCE  =  4.0Vdc) 

nFE 

15 
8.0 

35  (Typ) 
15|Typ| 

Collector-Emitter  Saturation  Voltage 
(lc  =  8  0  Adc.  IB  =  800  mA) 
(lC=16Adc,  lB  =  20Adc) 

vCE(sat) 

2  0 
35 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  =  16  Adc,  lB  •  2.0  Add 

VBE(sat) 

3.9 

Vdc 

Base-Emitter  On  Voltage 
dC  =  1 6  Adc,  VCE  ■  4.0  Vdc) 

vBE|on) 

3.9 

Vdc 

DYNAMIC  CHARACTERISTICS 


Current-Gain— Bandwidth  Product  (2) 
dC  =  1  0  Adc.  VcE  =  20  Vdc,  ftes,  =  0.5  MHz) 

<T 

1.0 

MHz 

Output  Capacitance 

Cob 

800 

pF 

|VCB  =  10Vdc,  lE  =  0, 1  =  0.1  MHz) 

1 1 1  Pulse  Test:  Pulse  Width  s  300  „s.  Duty  Cycle  52.0%. 

l2)tT  =  |h(e|  •  f„ 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 


FIGURE  3  -  TYPICAL  TURN-ON  TIME 


,25  ws 


f 1 1  vi  

0- J  -- 


-9  0  V 


Scope 


tr,  tf  sS10  ns 
Duty  Cycle  =  1 .0%  -4  V 

Rg  and  Rq  varied  to  obtain  desired  current  levels 

Di  must  be  fast  recovery  type,  eg: 
MBD5300  used  above  lB  ~  100  mA 
MSD6100  used  below  lB  -  100  mA 

Note:  Reverse  polarities  to  test  PNP  devices. 


0.2     0.3        0.5    0.7     1.0  2.0     3.0        5.0    7.0  10 

IC.  COLLECTOR  CURRENT  (AMP1 
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MJE4340  thru  MJE4343NPN,  MJE4350  thru  MJE4353PNP 


FIGURE  4  -  TURN-OFF  TIME 


TYPICAL  CHARACTERISTICS 

FIGURE  5  —  ON  VOLTAGES 


_  2.0 
1 


— 1 

 111! 

Tj  ■  25°I 
C/lB  ■  10 
Bl  ■  <B2 

T  

ls  - 
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E 

3 
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1 

s 

-Il- 

0.2    0.3       0.5    0.7     1.0         2.0     3.0       S.O    7.0    10  20 
IC.  COLLECTOR  CURRENT  (AMPI 


02     0.3       0.5   0.7    1.0  2.0     3.0      5.0    7.0    10  20 

IC-  COLLECTOR  CURRENT  (AMPI 


DC  CURRENT  GAIN 

FIGURE  6  —  MJE4340  SERIES  (NPN|  FIGURE  7  - 

1000 


^ — 

VCE  = 

2  V 

-55c 

C 

c 

\\ 

c 

 T- 1 

% 

— 

f 

km  = 

2  V 

- 

50 
25' 
-55< 

c- 

C 

c 

0  5  1.0        2  0  5  0 

lc.  COLLECTOR  CURRENT  (AMPS) 


0  5         1  0        2.0  5  0  10 

IC.  COLLECTOR  CURRENT  IAMPSI 


FIGURE  8  -  COLLECTOR  SATURATION  REGION 


T 

1  1 
-25°C 

— 
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)A  - 
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16  A  — 

\ 
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>; 
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lB.  BASE  CURRENT  IAMPI 
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MJE4340  thru  MJE4343NPN,  MJE4350  thru  MJE4353PNP 


FIGURE  9  -  THERMAL  RESPONSE 


FIGURE  10  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


3 
o 

<3 


100 
50 

j  20 

I  m 
5.0 

i 

2.0 
1.0 
05 

02 
0  1 


  Secondary  Breakdown 

\  Thermal  limit  Tr;  =  25°C 

"  "  —   Bonding  Wire  Limited 


3.0      5.0   7.0    10  20     30       50   70    100   150  200 

VC£.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~vCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  10  is  based  on  Tc  -  25°C;  Tj(p|<)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  S>  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 0  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  9. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn -off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping, -etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage- 
current  conditions  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  1 1 
gives  RBSOA  characteristics. 


FIGURE  11  -  MAXIMUM  REVERSE  BIAS 
SAFE  OPERATING  AREA 
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MJE5180  MJE5170 

MJE5181    MJE5171  (ft)  MOTOROLA 

MJE5182    MJE5172  ^ 


COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTOR 

. . .  designed  for  use  in  general  purpose  amplifier  and  switching 
applications. 

•  Collector-Emitter  Saturation  Voltage  — 
VcEO(sat)  =  1-5  Vdc  (Max)  @  lc  =  6.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  — 
VcEO(sus)  =  120  Vdc  (Min)  —  MJE5170,  MJE5180 

=  140  Vdc  (Min)  —  MJE5171,  MJE5181 
=  160  Vdc  IMin)  —  MJE5172,  MJE5182 

•  Compact  TO-220  AB  Package 

•  TO-66  Leadform  Also  Availability 


MAXIMUM  RATINGS 




Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 
Peak 


Base  Current 


Total  Power  Dissipation 
@  TC  =  25°C 
Derate  above  25*C 


Total  Power  Dissipation 
@  Ta  =  25°C 
Derate  above  25°C 


Undamped  Inductive 
Load  Energy  (1) 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


VCEO 


VCB 


VEB 


pd 


Pd 


TJ.Tstg 


MJE5180 
MJE5170 


MJE5181 
MJE5171 


140 


MJES182 
MJE5172 


160 


6 
10 


65 
-  0.52 


-  2.0  - 
-0.016- 


-62.5  - 


-65  to  +150  - 


Watts 

W7°C 


Watts 
W/°C 


CHARACTERISTICS 


Symbol 

Max 

Unit 

~  — — :  j  

Thermal  Resistance,  Junction  to  Case 

R«jc 

1.92 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

RflJA 

62.5 

°c/w 

(II  lc  -  2.8  A,  L  =  50  mH,  P.P1.F.  -  10  Hz,  Vr;c  =  10  V,  Hbe  -  100  (1. 


TA  tc 
4.0  80 


3.0  60 


FIGURE  1  -  POWER  DERATING 


0  0 


60  80  100  120  140  160 
T,  TEMPERATURE  ("CI 


6.0  AMPERE 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

120.  140.  160  VOLTS 
65  WATTS 


i— s 
I —  c 


style  i  '    J  D — t  i— 

PIN  1  BASE 

2  COLLECTOR 
3 


J 


NOTES 

1  DIMENSION  H  APPLIES  TO  ALL  LEA0S 

2  DIMENSION  L  APPLIES  TO  LEADS  1 
AND  3 

3  DIMENSION  2  DEFINES  A  ZONE  WHERE 
ALL  BODY  AND  LEAD  IRREGULARITIES 
ARE  ALLOWED 

4  DIMENSIONING  AND  TOLERANCING  PER 
ANSI  Y14  5M,  1982 

5  CONTROLLING  OIMENSI0N  INCH 


MILLIMETERS 


INCHES 


DIM 

MIN      MAX  MIN 

MAX 

A 

146D  :  1  5  75    0  575 

a  s:q 

96a     1 0  29    0  380 

G  4j: 

I 

4  06     4  8? 

0  160 

q  i  ^  a 

a 

0  64     0  69 

0  02  5 

".'  Cit 

f 

3  6!      3  73 

0  14? 

C  14? 

G 

2  41 

167 

0  095 

0  10: 

H 

2  79 

3  93 

Q  110 

0  155 

J 

0  36 

0  56 

0014 

o  o;; 

K 

12  >D 

14  27 

U  500 

U  5e2 

I 

1  14 

)  39 

0  045 

0  055 

N 

4  83 

5  33 

0  190  ;  0210 

0 

2  54 

3  04 

0  100 

D  ! 

R 

204 

2  79 

0  D80 

0  i  ■  '? 

S 

1  14 

1  39 

U  045 

D  055 

T 

5  97 

6  48 

0  235 

• :  ' 

U 

a  00 

1  27 

0  000 

: 

V 

1  1* 

0  045 

1 

2  03  i  - 

3  OH 

CASE  221A-02 
(TO-220AB) 
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MJE5170,  MJE5171,  MJE5172,  MJE5180,  MJE5181,  MJE5182 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25X  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 
HC  =  30  mAdc.  IB  =  01 

MJE5170,  MJE5180 
MJE5171,  MJE5181 
MJE5172,  MJE5182 

vCEO(sus) 

140 
160 

- 

vac 

Collector  Cutoff  Current 

'CEO 

mAdc 

(VCE  =  60  Vdc.  IB  =  0) 

MJE5170,  MJE5180 

0.7 

(VCE  =  70  Vdc.  IB  -  0) 

MJE5171,  MJE5181 

0.7 

(VcE  =  80  Vdc,  lB  =  0) 

MJE5172,  MJE5182 

0.7 

Collector  Cutoff  Current 
IVce  =  120  Vdc,  Veb  -  "I 
(Vce  =  140  Vdc,  V£B  -  0) 
(VCE  =  160  Vdc,  VEB  =  01 

MJE5170,  MJE5180 
MJE5171,  MJE5181 
MJE5172,  MJE5182 

ices 

400 

/iAdc 

400 
400 

Emitter  Cutoff  Current 
(VBE  =  5.0  Vdc,  lC  =  01 



'ebo 

1.0 

mAdc 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 
(lC  =  0.3  Adc.  VCE  =  4.0  Vdc) 
(lC  =  3.0  Adc,  VCE  =  4.0  Vdc) 

nFE 

30 
15 

100 

Collector-Emitter  Saturation  Voltage 
(lC  -  6.0  Adc,  lB  =  600  mAdc) 

vCE(sat) 

1.5 

Vdc 

Base-Emitter  On  Voltage 
(lC  =  6.0  Adc,  VCE  =  4.0  Vdc) 

VBE(on) 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  —  Bandwidth  Product  12) 

[lC  =  500  mAdc,  VCE  -  10  Vdc,  ftest  =  1.0  MHz) 

n 

1.0 

MHz 

Small-Signal  Current  Gain 

llC  =  0.5  Adc,  VCE  =  10  Vdc,  f  =  1.0  kHz) 

Ihfel 

20 

111  Pulse  Test:  Pulse  Width  s  300  (is,  Duty  Cycle  s  2.0%. 
12)  fT  -  Ihfel  •  ftesi 


FIGURE  3  —  TURN-ON  SWITCHING  TIMES 


•FIGURE  2 

,  25  (is 

+  11V 


-  SWITCHING  TIME  TEST  CIRCUIT  VCC 

+  30V 


SCOPE 


tr,  tf  «  10  ns 

DUTY  CYCLE  =  1.0%  -4.0  V 

RB  and  Rc  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 

Di  MUST  BE  FAST  RECOVERY  TYPE,  eg: 
MBD5300  USED  ABOVE  lB  =  100  mA 
MSD6100  USED  BELOW  lB  -  100  mA 
•FOR  PNP'S  REVERSE  ALL  POLARITIES 

FIGURE  4  —  TURN-OFF  SWITCHING  TIMES 
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lC  COLLECTOR  CURRENT  (AMPS! 

FIGURE  5  —  CAPACITANCE 
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MJE5170,  MJE5171,  MJE5172,  MJE5180,  MJE5181,  MJE5182 


FIGURE  6  —  THERMAL  RESPONSE 


2.0  5.0 
t.  TIME  (msl 


FIGURE  7  —  ACTIVE-REGION  SAFE  OPERATING  AREA 


-Tj  =  150°C 
i    i   i  i  i 

 SECOND  BREAKDOWN  LIMIT 

'  BONDING  WIRE  LIMIT 

:  THERMAL  LIMIT  (a  TC  =  25°C 

(SINGLE  PULSEI 
I  CURVES  APPLY  BELOW  RATED  VCE0 


5  0   7  0    10  20     30        50    70  100 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  abil- 
ity of  a  transistor:  average  junction  temperature  and 
second  breakdown.  Safe  operating  area  curves  indicate 
Ic-Vce  limits  of  the  transistor  that  must  be  observed 
for  reliable  operation;  i.e.,  the  transistor  must  not  be 
subjected  to  greater  dissipation  than  the  curves  indi- 
cate. 

The  data  of  Figure  7  is  based  on  Tj(p|<)  =  150°C;  Jq 
is  variable  depending  on  conditions.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  provided 
Tj(pk)  s  150°C.  Tj(p|(|  may  be  calculated  from  the  data 
in  Figure  6.  At  high  case  temperatures,  thermal  limita- 
tions will  reduce  the  power  that  can  be  handled  to  val- 
ues less  than  the  limitations  imposed  by  second  break- 
down. 


TYPICAL  ELECTRICAL  CHARACTERISTICS 


NPN  —  MJE5180,  MJE5181,  MJE5182 
FIGURE  8  —  DC  CURRENT  GAIN 
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PNP  —  MJE5170,  MJE5171,  MJE5172 

FIGURE  9  —  DC  CURRENT  GAIN 
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MJE5170,  MJE5171,  MJE5172,  MJE5180,  MJE5181,  MJE5182 


TYPICAL  ELECTRICAL  CHARACTERISTICS 


NPN  —  MJE5180,  MJE5181,  MJE5182 
FIGURE  10  —  COLLECTOR  SATURATION  REGION 
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PNP  —  MJE5170,  MJE5171,  MJE5172 

FIGURE  11  —  COLLECTOR  SATURATION  REGION 
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FIGURE  12  —  COLLECTOR-EMITTER  SATURATION  REGION 
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£  FIGURE  13  —  COLLECTOR-EMITTER  SATURATION  REGION 
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FIGURE  14  —  BASE-EMITTER  VOLTAGE 


FIGURE  15  —  BASE-EMITTER  VOLTAGE 
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MJE5730 

MJE5731  ^ 
MJE5732  (M) 


HIGH  VOLTAGE  PNP  SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  line  operated  audio  output  amplifier,  SWITCH- 
MODE  power  supply  drivers  and  other  switching  applications. 

•  300  V  to  400  V  (Mini  -  VCEO(sus) 

•  1.0  A  Rated  Collector  Current 

•  Popular  TO-220  Plastic  Package 

•  TO-66  Leadform  Available 

•  PNP  Complements  to  the  TIP47  thru  TIP50  Series 


1.0  AMPERE 

POWER  TRANSISTORS 
PNP  SILICON 

300-350-400  VOLTS 
40  WATTS 


MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 
Peak 


Base  Current 


Total  Power  Dissipation 
(5  Tc  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation 
C4  TA  =  25°C 
Derate  above  25°C 


Undamped  Inducting  Load 
Energy  (See  Figure  10) 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


VCEO 


VCB 


VEB 


PD 


Pd 


Tj.Tstg 


MJE5730   MJE5731  MJE5732 


5.0 


1.0 
3.0 


1.0 


-  40 
0.32 


-  2.0  - 
■  0.016 


-65  to  +150 


Unit 


Adc 


Watts 

W/°C 


Watts 

W/T 


X 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R&jc 

3.125 

-C/W 

Thermal  Resistance,  Junction  to  Ambient 

Rdja 

62.5 

°C/W 

oJ 


Ltt 


STYLE  I 

PIN  1  BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 

NOTES 

1  DIMENSION  H  APPLIES  TO  ALL  LEADS 

2  DIMENSION  L  APPLIES  TO  LEADS  1 
AND  3 

3  DIMENSION  Z  DEFINES  A  ZONE  WHERE 
ALL  BODY  AND  LEAD  IRREGULARITIES 
ARE  ALLOWED 

4  DIMENSIONING  AND  TOLERANCING  PER 
ANSI  Y14  5M.  1982. 

5  CONTROLLING  DIMENSION  INCH 


DIM 

MIUIMf  rsRs 

INCHES 

MIN 

MAX 

WIN  MAX 

A 

14  60 

15  75 

0  575    0  620 

B 

9  65 

1029 

0  380    0  405 

C 

4  06      4  82 

0  160 

ti  ion 

0 

0  64      0  89 

0  025 

0  035 

t 

3SI  373 

0  142 

0  147 

t 

2  41 

767 

0  095 

0  105 

H  279 

3  93 

0  M0 

0  155 

J    !    11 36 

0  56 

0014 

0  02? 

K 

t  " 
N 

12  70 

1*27 

0  5011 

(J  562 

1  14 

1  39 

0  045  D055 

4fn 

5  33 

0  190  Q2I0 

a 

2  54 

3  0« 

0  100    0  170 

2D4 

2  79 

QQB0  OHO 

1  14 

1  39 

0  045 

C  .55 

5  97 

F4S 

G  !y- 

2  255 

ODD 

127 

:.  J0i 

0D50 

w 

1  14 

0  045 

2  03 

C  OsO 

CASE  221A-02 
TO220AB 
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MJE5730.  MJE5731,  MJE5732 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted)  

Characteristic  |     Symbol  Min  Max  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
(lC  =  30  mAdc,  Ib  =  0)  MJE5730 

MJE5731 
MJE5732 

vCEOIsus) 

300 
350 
400 

Vdc 

Collector  Cutoff  Current 

(Vce  =  200  Vdc,  %  =  0)  MJE5730 
(VCE  =  250  Vdc,  lB  =  0]  MJE5731 
(VCE  =  300  Vdc,  lB  =  0)  MJE5732 

'CEO 

1.0 
1.0 
1.0 

mAdc 

Collector  Cutoff  Current 

(VCE  =  300  Vdc,  VBE  =  0I  MJE5730 

(Vce  =  350  vdc,  vbe  -  o)  MJE5731 
(vCe  =  4oo  vdc,  vBe  =  oi  MJE5732 

Ices 

bob 

mAdc 

Emitter  Cutoff  Current 

(vBe  =  5,o  Vdc,  ic  =  o) 

'ebo 

1.0 

mAdc 

ON  CHARAC 1  ERISTICS  (1) 

DC  Current  Gain 

dC  =  0.3  Adc,  Vce  =  10  Vdc) 

dc  =  1.0  Adc,  vce  t  10  vdcl 

nFE 

30 
10 

150 

Collector-Emitter  Saturation  Voltage 
(IC  =  1.0  Adc,  iB  =  0.2  Adc) 

vCE(sat) 

1.0 

Vdc 

Base-Emitter  On  Voltage 

dc  =  i.o  Adc,  vCe  -  io  vdc) 

VBE(on) 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  —  Bandwidth  Product 

dc  -  0.2  Adc,  vCe  -  10  vdc,  f  =  2  0  MHzi 

fT 

10 

MHz 

Small-Signal  Current  Gain 

dC  =  0.2  Adc,  Vce  =  10  Vdc,  f  =  1.0  kHz) 

hfe 

25 

(1)  Pulse  Test:  Pulsewidth  s  300  ^s.  Duty  Cycle  s  2.0%. 
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MJE5730,  MJE5731,  MJE5732 


FIGURE  3  —  BASE-EMITTER  VOLTAGE 


FIGURE  4  —  NORMALIZED  POWER  DERATING 
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FIGURE  5  —  FORWARD  BIAS  SAFE  OPERATING  AREA 
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There  are  two  limitations  on  the  power  handling  abil- 
ity of  a  transistor:  average  junction  temperature  and 
second  breakdown.  Safe  operating  area  curves  indicate 
'C'VCE  limits  of  the  transistor  that  must  be  observed 
for  reliable  operation;  i.e.,  the  transistor  must  not  be 
subjected  to  greater  dissipation  than  the  curves  indi- 
cate. 

The  data  of  Figure  5  is  based  on  Tj[pk)  =  150°C;  7q 
is  variable  depending  on  conditions.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  provided 
Tj(pk)  =s  150°C.  Tj(p|()  may  be  calculated  from  the  data 
in  Figure  6.  At  high  case  temperatures,  thermal  limita- 
tions will  reduce  the  power  that  can  be  handled  to  val- 
ues less  than  the  limitations  imposed  by  second  break- 
down. 


o  i  i  to 


MJE5730,  MJE5731,  MJE5732 


FIGURE  7  —  SWITCHING  TIME  EQUIVALENT  CIRCUIT 
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FIGURE  8  —  TURN-ON  RESISTIVE  SWITCHING  TIMES 


FIGURE  9  —  RESISTIVE  TURN-OFF  SWITCHING  TIMES 
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FIGURE  10  -  INDUCTIVE  LOAD  SWITCHING 
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MJE5740 

MJE5741  ^ 
MJE5742  (M) 


NPN  SILICON  POWER  DARLINGTON  TRANSISTORS 

The  MJE5740,  41,  42  darlington  transistors  are  designed  for  high- 
voltage  power  switching  in  inductive  circuits.  They  are  particularly 
suited  for  operation  in  applications  such  as: 

•  Small  Engine  Ignition 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 


8  AMPERE 

NPN  SILICON 
POWER  DARLINGTON 
TRANSISTORS 
300,  350,400  VOLTS 
80  WATTS 





MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


Emitter  Base  Voltage 


Collector  Current 

—  Continuous 

-  Peak  (1) 


Base  Current— Continuous 
-Peak  11) 


Total  Power  Dissipation 
@  TA  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation 
<S>  TC  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEOIsus) 


VCEV 


ic 

'CM 


IB 


PD 


Tj.  Tslg 


MJE5740  MJES741  MJE5742 


8  - 
16  • 


-2.5- 
■  5  - 


2  - 
16  ■ 


Watts 
mW/°C 


Watts 
mW/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rejc 

1.56 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

r»ja 

62.5 

°c/w 

Maximum  Lead  Temperature  for  Soldering  Purposes: 
1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  <  10%. 


FIGURE  1  -  POWER  DERATING 
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>4 


L 

—  G 


MILLIM 

ETERS 

INC 

its 

0IM 

Mini 

MAX 

MIN 

MAX 

A  ' 

14  60 

sa 

0  575 

0  620" 

8 

965 

10  29 

0  380 

0  4oV 

C 

4  06 

4  82 

0  160 

g  1 90 

D 

0  64 

0  89 

0  025 

0  035 

F 

361 

3  73 

0  142 

0  147 

G 

241 

2  67 

0  095 

0  105 

H 

2  79 

3  93 

0  no 

0  I  SS 

J 

0  36 

0  56 

0014 

0  022 

K 

12  711 

1427 

0  500 

0  562 

L 

I  14 

1  39 

0  045 

0  055 

N 

4  83 

5  33 

0  190 

0  210 

0 

2  64 

304 

0  100 

0  120 

fl 

204 

2.79 

0  080 

0  110 

S 

1  14 

1  39 

0  045 

0  055 

T 

597 

6  48 

0  235 

0  255 

U 

0  00 

1  27 

0  000 

0  050 

V 

1.14 

0  045 

2 

- 

2  03 

0  080 

CASE  221A-02 
TO-220AB 
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MJE5740,  MJE5741,  MJE5742 


ELECTRICAL  CHARACTERISTICS  <TC  -  25°C  unless  otherwise  noted.) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  (1) 

Collector-Emitter  Sustaining  Voltage  MJE5740 

VcEO(sus) 

300 

Vdc 

IIC  '  50  mA.  IB  ■ 

0)  MJE5741 

360 

MJE5742 

400 

Collector  Cutoff  Current 

(VCEv  =  Rated  Value,  VBE(off|  -  1.6  Vdc) 

'CEV 

1 

mAdc 

IVCEV  "  R«ed  Value.  VBE(off|  =  1.5  Vdc.  Tc  =  100°CI 

5 

Emitter  Cutoff  Current 

'ebo 

75 

mAdc 

IVEB  -  8  Vdc.  IC 

-  01 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

IS/b 

See  Figure  6 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  7 

ON  CHARACTERISTICS  (11 

DC  Current  Gam 

"FE 

IIC  =  0.5  Adc,  VC 

I  =  5  Vdc) 

50 

100 

(lc  =  4  Adc.  VCE  = 

5  Vdc) 

200 

400 

Collector-Emitter  Saturation  Voltage 

vCE(sat) 

Vdc 

dC  -  4  Adc,  lg  =  0.2  Add 

2 

Uc  =  8  Adc.  Ib  =  0.4  Add 

3 

(lc  »  4  Adc, 

lB  =  0.2  Adc,  Tc  =  100°C) 

2.2 

vBE(sat) 

Vdc 

Base-bmitter  saturation  voltage 

IIC  -  4  Adc, 

lB=0.2Adc) 

2.5 

He  "  8  Adc,  lB  =  0.4  Adc) 

3.5 

dC  -  4  Adc, 

lB  -  0.2  Adc,  TC  -  100°C) 

2.4 

Diode  Forward  Voltage  (2) 

Vf 

2.5 

Vdc 

iff  •  5  Add 

'  

SWITCHING  CHARACTERISTICS 

Typical  Resistive  Load  (Table  1) 



 1 

Delay  Time 

(Vcc 

>  250  Vdc,  lC(pk)  =  6A 

'd 

004 

us 

Rise  Time 

lB1  = 

lB2-0.25A,  tp=  25us, 

«r 

0.5 

MS 

Storage  Time 

Duty  Cycle  <1%) 

>s 

8.0 

us 

Fall  Time 

«f 

20 

US 

Inductive  Load,  Clamped  (Table  1) 

Voltage  Storage  Time 

•'Clpkl-SA,  VCE(pl<l  =  250Vdc 

'sv 

4.0 

MS 

Crossover  Time 

lB,  =0.06A,VBE(off)  =  5Vdc) 

<c 

2.0 

MS 

(II  Pulse  Test:  Pulse  Width  =  300ms.  Duty  Cycle  »  2%. 

(2)  The  internal  Collector-to-Emitter  diode  can  eliminate  the  need  for  an  external  diode  to  clamp  inductive  loads.  Tests  have  shown  that  the 
Forward  Recovery  Voltage  (Vf)  of  this  diode  is  comparable  to  that  of  typical  fast  recovery  rectifiers. 


FIGURE  2  -  INDUCTIVE  SWITCHING  MEASUREMENTS  FIGURE  3  -  DC  CURRENT  GAIN 
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MJE5740,  MJE5741,  MJE5742 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


REVERSE  BIAS  SAFE  OPERATING  AREA  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


Duty  Cycle  <  10%  |, 
tf ,  tf  <  1 0  ns  X 


+  VCC 


mp 

Selected  for  >  1  kv 


N4933*  i,  k 

Mtr^°  l  '  f  2n: 

0.02  JiF 

NOTE 

PW  and  Vcc  Adjusted  for  Desired  lc 
RB  Adjusted  for  Desired  lB1 


vBEIoffl 


D1  ii 


6  -± 

-4.0  V 


r-  V) 


E  4 
o  > 


Coil  Oats: 

Ferroxcube  Core  #0656 
Full  Bobbin  {~16  Tumi)  #16 


GAP  for  200  MH/20A 
Lcoil  "  2°°  «H 


Vcc  -  30  V 
VCElpk|-250Vdc 
ICIpkl  "6A 


Vcc  -  250  V 

Dl  -  1N5820  or  Equiv. 


tf  Clamped 


dpkl 

Jl 


tee -or  J 

vclamp  I 
Time  L-t2-«J 


OUTPUT  WAVEFORMS 

t1  Adjusted  to 
Obtain  lc 

Lco.l  "Cpk1 
11  »■  VCC 


Leo,!  "Cpk1 
vclamp 


Test  Equipment 
Scope  -  Tektronix 
475  or  Equivalent 


25  S1I 

♦  10  V 

0  - 

-9.2  V 

tr,  if  <  10  nt 
Duty  Cycle  ■  1 .0% 
RB  and  Rc  adjusted 
tor  des.red  lg  and  lc 


TYPICAL  CHARACTERISTICS 


FIGURE  4  -  BASE-EMITTER  VOLTAGE 


FIGURE  5  -  COLLECTOR  SATURATION  VOLTAGE 


0.2  0.5  1.0 

lc.  COLLECTOR  CURRENT  (AMPS) 


lc.  COLLECTOR  CURRENT  LAMPS) 


3-1152 


MJE5740,  MJE5741,  MJE5742 


The  Safe  Operating  Area  figures  shown  in  Figures  6  and  7  are 
specified  ratings  for  these  devices  under  the  test  conditions  shown. 

FIGURE  6  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


10  20  50  100  200 

VCE.  COLLECTOR-EMITTER  VOLTAGE  IVolKl 


FIGURE  7  -  REVERSE  BIAS  SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Ic^CE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  6  is  based  on  Tq  -  25°C;  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  6  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 

mi  i 

on  Figure  1  . 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  7 
gives  the  complete  RBSOA  characteristics. 


RESISTIVE  SWITCHING  PERFORMANCE 
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FIGURE  8  -  TURN-ON  TIME 
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FIGURE  9  -  TURN-OFF  TIME 


IS 

- 

'CC  "  v 
B1"'B2 

► 

■ 

L 

tl 

1 

0.5   0.7    1.0  2.0  3.0 

lc.  COLLECTOR  CURRENT  I; 


3-1153 


MJE5850 
MJE5851 
MJE5852 


ft)  MOTOROLA 


Designers  Data.  Sheet 


 . 


SWITCHMODE  SERIES 
PNP  SILICON  POWER  TRANSISTORS 

The  MJE5850.  MJE5851  and  the  MJE5852  transistors  are 
designed  for  high -voltage,  high-speed,  power  switching  in  inductive 
circuits  where  fall  time  is  critical.  They  are  particularly  suited  for  line 
operated  switchmode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Delfection  Circuits 

Fast  Turn-Off  Times 

100  ns  Inductive  Fall  Time  @  25°C  (Typ) 
1  25  ns  Inductive  Crossover  Time  @  25°C  (Typ) 

Operating  Temperature  Range  -65  to  +1  50°C 

100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


8  AMPERE 

PNP  SILICON 
POWER  TRANSISTORS 

300.  350,  400  VOLTS 
80  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per 
mits  the  design  of  most  circuits 
entirely  from  the  information  pre 
sented.  Limit  data  -  representing 
device  characteristics  boundaries  — 
are  given  to  facilitate  "worst  case" 
design. 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJE 
5850 

MJE 
5851 

MJE 
5852 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

300 

350 

400 

Vdc 

Collector-Emitter  Voltage 

VCEV 

350 

400 

450 

Vdc 

Emitter  Base  Voltage 

VEB 

6  0 

Vdc 

Collector  Current  —  Continuous 
Peak(1) 

ic 
'cm 

8.0 
16 

Adc 

Base  Current  —  Continuous 
Peak (1 ) 

>B 

'bm 

4.0 
80 

Adc 

Total  Power  Dissipation 
<S>  TC  =  25°C 
Derate  above  25°C 

Pd 

80 
0.640 

Watts 

W7°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  1 50 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"OJC 

1  25 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

°c 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  sS  10%. 



STYLE  1 

PIN  1  BASE 

2  COLLECTOR 

3  EMITTER  """,»i«sio«  »  mms  n  <u  uus 
4.  COLLECTOR  i  oi»i«s«»  I  .phiis  miuos  i 


DIM 

MILLIMETERS^ 

INCHES  1 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

IJ 

0  575 

0  620 

B 

9  65 

10  29 

0  380    0  405 

C 

4  D6 

4.82 

0  160    0  190 

D 

0  64     0  89 

0  025    0  035 

F 

3  61      3  73 

0  142    0  147 

C 

241 

2  87 

0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  15V 

J 

0  36 

0  56 

0014 

00221 

K. 

12.70 

14.27 

0  500 

0  562 

L 

114 

1  39 

0  045 

0  056 

N 

4  83 

5  33 

0  190    0  210 

Q 

254 

3  04 

0  100    0  120 

R 

2  04 

2  79 

0-580  D110 

S 

114 

1  39 

0  043 

0  055 

T 

6  97 

E48 

0  235 

0  755 

U 

0  00 

;  27 

OOOC 

0  050 

V 

1  14 

0  045 

Z 

2.03 

- 

0  08C 

CASE  221A-02 
TO-220AB 
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MJE5850,  MJE5851,  MJE5852 


ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  otherwise  noted!  

|  Characteriatic  |    Symbol    |      Min  Typ  Max 

OFF  CHARACTERISTICS 




Collector-Emitter  Sustaining  Voltage  MJE5850 

|lc=10mA,  lB  =  0)  MJE5851 

MJE5852 

vCEO(sus) 

300 
350 
400 

Vdc 

Collector  Cutoff  Current 
<VCEV  =  Rated  Value,  VBE(0ff)  -  1  5  vdc) 
(VCEV  =  Rated  Value,  VBE(offl  =  1 .5  Vdc,  Tc  =  100°C) 

!CEV 

0.5 
2.5 

mAdc 

Collector  Cutoff  Current 
(VCE  =  Rated  VCEV,  RBE  =  50  fl,  Tc  =  1 00°C) 

'CER 

3.0 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc,  lC  =  0) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
Clamped  Inductive  SOA  with  base  reverse  biased 

'S/b 
RBSOA 

See  Figure  1  2 
See  Figure  13 

•ON  CHARACTERISTICS 

DC  Current  Gain 
|lc  =  2.0  Adc,  VCE  ■  5  Vdc) 
|lc  =  5.0  Adc.  VCE  =  5  Vdc) 

nFE 

15 
5 

Collector-Emitter  Saturation  Voltage 
(lc  =  4  0  Adc.  IB  =  1 .0  Adc) 
(lc=8.0Adc,  lB  =  3.0Adc) 
(lC  =  4.0  Adc,  lB  =  1  0  Adc,  Tc  =  1 00°C) 

VcE(sat) 

2.0 
5.0 
2.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(|c  =  4.0  Adc,  lB  =  1 .0  Adc) 
(lc  =  4.0  Adc,  lB  =  1 .0  Adc.  Tc  =  1 00°C| 

vBE(sat) 

15 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc.  IE  =  0.  f,es,  =  1 .0  kHz) 

C0b 

270 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

(VCc  =  250  Vdc,  lc  =  4.0  A.  IB1  =  1 .0  A. 
tp  =  50  mS,  Duty  Cycle  s;  2%) 

td 

0.025 

0.1 

fiS 

Rise  Time 

•r 

0  100 

0  5 

11% 

Storage  Time 

(VCC  =  250  Vdc,  lc  =  4.0  A.  IB1  =  1 .0  A, 

v  BE(off)  =  5  Vdc<  'p  =  50  (is.  Duty  Cycle  <  2%) 

Is 

0.60 

20 

Fall  Time 

'f 

0.11 

0.5 

MS 

Inductive  Load.  Clamped  {Table  1 ; 

Storage  Time 

0.8 

30 

(lCM  =  4  A,  VCEM  =  250  V,  lB1  «  1  0  A. 
VBE|off|  =  5  Vdc,  TC  =  100°C) 

tsv 

MS 

Crossover  Time 

<c 

0.4 

1.5 

M  s 

Fall  Time 

Ifl 

0.1 

fS 

Storage  Time 

(lCM  =  4  A,  VCEM  =  250  V,  lB1  =  1 .0  A, 
VBE(off)  =  5  Vdc.  TC  =  25°C) 

«sv 

0  s 

ms 

Crossover  Time 

'c 

0.125 

MS 

Fall  Time 

tfi 

0  1 

MS 

*  Pulse  Test:  PW  =  300      Duty  Cycle  ^  2% 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR-EMITTER 
SATURATION  VOLTAGE 


FIGURE  4  -  BASE-EMITTER  VOLTAGE 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 
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MJE5850,  MJE5851,  MJE5852 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VcEOUus 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


TURN  ON  TIME 


10  V  > — 

20 


Z  o 

-  z 
o 


PW  Varied  to  Attain 
lc  -  100  mA 


-V  adjusted  to  obtain  desired  Igi 

+V  adjusted  to  obtain  desired  VBE(Qff) 


50  uF  i 

■V 


1B1  adjusted  to 
obia<n  the  forced 
hFE  dentad 

TURN  OF  F  TIME 
U»«  inrjudu*  ivbitcning 
dnvar  ai  the  mpui  io 
trie  resistive  IBlt  circuit 


3§ 


■  80  mH  VCC  =  10  V 

=  o.7  n 


l-coil  "  180  MH 

rcoM  =  0.05  n 
vcc  =  20  v 


clamp 
R    adjusted  to  attain  I 


Vcc  =  250  V 

rl  =  62  n 

Pulse  Width  =  10  ms 


INDUCTIVE  TEST  CIRCUIT 
TUT 


tj  Adjusted  to 


tf  Clamped 


l-coil^CM* 


See  above 
for  Detailed 
Conditions 


Lcoi.<'CM> 


Time       r— 12— \ 


RESISTIVE  TEST  CIRCUIT 


^  vcc 


Stooe  Tekirooi. 
475  O'  Ecfu'valant 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  INDUCTIVE  SWITCHING  TIMES 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Ibi  to  10%  Vqem 

trv  =  Voltage  Rise  Time,  10—90%  Vqem 

tfj  =  Current  Fall  Time,  90— 10%  IcM 

tti  =  Current  Tail,  10— 2%  IcM 

tc  =  Crossover  Time,  10%  Vqem  •«  10%  ICM 
An  enlarged  portion  of  the  inductive  switching  waveform 


is  shown  in  Figure  7  to  aid  on  the  visual  identity  of 
these  terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and  can 
be  obtained  using  the  standard  equation  from  AN-222A: 

PSWT=  1/2  VcdcUcK 
In  general,  trv  +  tfj  =  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  orinented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


FIGURE  9  -  TURN-ON  SWITCHING  TIMES 


FIGURE  10  -  TURN-OFF  SWITCHING  TIMES 


0.2 


0  3        0  5    0.7    1  0  2  0     3  0        5.0    7  0  10.0 

IC.  COLLECTOR  CURRENT  (AMPS) 


— 

vt 
-  ic 

C  ■  2' 
IB  -  4 
Elolll 

-  25° 

0  V 

■  5 
C 

1 

V( 
Tj 

if 

0  3       0  5    0  7     1  0  2  0  4  0        7  0  10 

IC.  COLLECTOR  CURRENT  (AMPS! 


FIGURE  11  -  TYPICAL  THERMAL  RESPONSE  |ZeJC(t)| 


MJE5850,  MJE5851,  MJE5852 
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The  Safe  Operating  Area  figures  shown  in  Figures  12  and  13  are 
specified  for  these  devices  under  the  test  conditions  shown. 

FIGURE  12  -  MAXIMUM  FORWARD 
SAFE  OPERATING  AREA 


BONDING  WIRE  LIMIT 
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FIGURE  13  -  RBSOA.  MAXIMUM  REVERSE  BIAS 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor  average  (unction  temperature  and  second 
breakdown  Safe  operating  area  curves  indicate  -C~VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i  e  ,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  12  is  based  on  Tc  =  25°C.  Tj(pk) 
is  variable  depending  on  power  level  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
F  igure  1  5 

Tj(pk)  may  be  calculated  from  the  data  m  Figure  11 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to 
a  safe  level  at  or  below  a  specific  value  of  collector  cur- 
rent. This  can  be  accomplished  by  several  means  such  as 
active  clamping,  RC  snubbing,  load  line  shaping,  etc.  The 
safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  13 
gives  the  RBSOA  characteristics. 


FIGURE  14  PEAK  REVERSE  BASE  CURRENT 


FIGURE  15  -  FORWARD  BIAS  POWER  DERATING 
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Designers  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJE8500  and  MJE8501  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  TheY  are  particularly  suited  for  line  operated  switch- 
mode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

300  ns  Inductive  Fall  Time 


25°C  (Typ) 


500  ns  Inductive  Crossover  Time  -  25°C  (Typ) 
900  ns  Inductive  Storage  Time  -  25°C  (Typ) 

Operating  Temperature  Range  — 65to+125°C 
100°C  Performance  Specified  for: 

Reversed  Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJE8500 

MJE8501 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

700 

800 

Vdc 

Collector  Emitter  Voltage 

VCEV 

1200 

1400 

Vdc 

Emitter  Base  Voltage 

VEB 

8.0 

8.0 

Vdc 

Collector  Current  -  Continuous 
Peak  (1) 

ic 
I  CM 

2.5 
5.0 

2.5 
5.0 

Adc 

Base  Current  —  Continuous 
Peak  (1 1 

'B 
iBM 

2.0 
4.0 

2.0 
4.0 

Adc 

Total  Power  Dissipation  @  Tfj  =  25°C 
<a  TC  =  100°C 

Derate  above  25°C 

Pd 

65 
17 
0.65 

65 
17 
0.65 

Watts 
W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  +125 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R0JC 

1  .54 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1/8"  from  Case  for  5  Seconds 

TL 

275 

°C 

(1 1  Pulse  Test:  Pulse  Width  -  5  ms.  Duty  Cycle  <  10%. 

2.5  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

700  and  800  VOLTS 
65  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per- 
mits the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 


ID- 


DIM 

MIUIMETEAS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

15  75 

0  575 

0  620 

B 

965 

1029 

0  380 

0  405 

C 

4  06 

482 

0  160 

0  190 

D 

0  64  i    0  89 

0  025 

0  035 

F 

3  61      3  73    0  142 

0  147 

G 

2  41  |    2  67  I  0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  155 

J 

036 

0  56 

0014 

0  022 

K 

12  71) 

14  27 

0  500 

0  562 

L 

1  14 

1  39 

0  045 

0  055 

» 

4  83 

5  33 

0  90 

0210 

Q 

254 

304 

0  100 

0  120 

ft 

204 

279 

0  030 

0  110 

s 

1  14 

1  39 

0045 

0  055 

T 

597 

6.48 

0  235 

0  255 

u 

0  00 

1  2? 

0  000 

0  050 

V 

-  14 

0  045 

z 

203 

0.080 

STYtE  l 

PIN  1  BASE 

2  COLLECTOR 

3  EMITTER 

4  COUSCTOR 


CASE  221A-02  TO-220 
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ELECTRICAL  CHARACTERISTICS  ITC  =  25°C  unless  otherwise  noted! 

E 


I      tvp  I 


Characteristic 


Symbol 


Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (Table  II 

dC"  100  mA.  Ig  -0) 
Collector  Cutoff  Current 

(VCEV  =  Rated  Value.  VBE(of,|  =  1 .5  Vdcl 
IVCEV  "  Ra«d  Value,  VBE(off |  ;  1 .5  Vdc.  Tq  ; 


MJE8500 
MJE8501 


vCEOIsus) 


700 
800 


'CEV 


IVCEV'P 
Hector  Cute 


0  26 
5.0 


Collector  Cutoff  Current 

IVCE°  Rated  Vcev.RbE^ 


50  Si.  TC  *  100°CI 


'CER 


Emitter  Cutoff  Current 
IVco  =  7.0  Vdc,  lr 


!eB0 


SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  base  forward  biased 

IS/b 

See  F  igure  1 2 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  1  3 

ON  CHARACTERISTICS  (1 1 


DC  Current  Gain 

(lc  -  0.5  Adc.  VCE  =  5.0  Vdc) 

nFE 

7.5 

Collector-Emitter  Saturation  Voltage 
(lc  =  1.0  Adc,  lB  -  0.33  Adc) 
(lc  -  2.5  Adc,  lB  =  1,0  Add 
(lc  =  1.0  Adc,  lB  =  0.33  Adc.  Tq  -  100°C) 

VcE(sat) 

_ 

2.0 

Vdc 

5  0 
30 

Base-Emitter  Saturation  Voltage 

VBE(sat) 

Vdc 

llc  =  1.0  Adc,  lB  =  0.33  Adc) 

(lc  =  1.0  Adc,  lB  -  0.33  Adc,  TC  -  100°C) 

1.5 
1.5 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  -  0,  ftes,  =  1 .0  kHz) 

C0b 

50 

250 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1 ) 

Delay  Time 

(VCc  -  500  Vdc,  lc  -  1  0  A, 

lB1  =  0.33  A,lvBE(0ff|  -  5.0  Vdc,  tp  -  50ms, 

Duty  Cycle  «  2.0%) 

'd 

0  045 

0.20 

US 

Rise  Time 

>r 

0.2 

2.0 

US 

Storage  Time 

<S 

1.0 

4.0 

US 

Fall  Time 

tf 

0.5 

2.0 

MS 

Inductive  Load,  Clamped  (Table  1 ) 

Storage  Time 

(lc  =  1.0  A(pk),  Vc|amp  -  500  Vdc.  IB1  =  0.33  A, 
vBE(off)  -5Vdc.Tc=  100°C) 

'SV 

1.3 

4.0 

MS 

Crossover  Time 

<c 

0.6 

2.0 

MS 

Storage  Time 

llc  =  1.0  Alpkl,  Vc|amp  -  500  Vdc.  IB1  =  0.33  A. 
VBE(off)  "5  Vdc.  TC  =  25°C> 

'sv 

09 

MS 

Crossover  Time 

«C 

0.5 

MS 

Fall  Time 

tf| 

0.3 

MS 

(1)  Pulse  Test:  PW  -  300  ms.  Duty  Cycle  «  2%. 
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FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  COLLECTOR  SATURATION  REGION 


0.03      0.05  0.07  0.1  0.3       0.5   0.7  1.0 

lc.  COLLECTOR  CURRENT  (AMPS! 


FIGURE  3  -  COLLECTOR  EMITTER  SATURATION  VOLTAGE 


0.25   0.30       0.4     0.5    0.6  0.7  0.8  0.9  1.0  1.5         2.0  2.5 

!CE.  COLLECTOR  CURRENT  (AMPS) 


0.15        0  2  03        0.4  0.7  1  0 

Ig.  BASE  CURRENT  (AMPS) 


I  5 


FIGURE  4  -  BASE  EMITTER  VOLTAGE 


0.25   0  3        0  4      0.5    0  6   0.7  0.8  0.91.0  1.5         2.0  2.5 

l[.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 


02  0  '0.2  «0.4  »0.6 

VB[,  BASE  EMITTER  VOLTAGE  (VOLTS) 
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FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


SWITCHING  TIMES  NOTE 


-  PEAK  REVERSE  BASE  CURRENT 


1  ! 

Ir  -  1.0  A 

1 

Bl  '  03 

3  A 

2.0  4.0  6.0 

VBE  (Off)-  BASE  EMITTER  VOLTAGE  (VOLTS) 


8.0 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  ■  Voltage  Storage  Time,  90%  Iri  to  10%  VCE  (pk) 

trw  =  Voltage  Rise  Time,  10-90%  VCE  (pk) 

tfi  =  Current  Fall  Time,  90-10%  l£ 

ttj  -  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time,  10%  VCE  (pk)  to  io%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 
is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=  1/2  Vcclc(tc)f 
In  general,  trv  +  tfi  —  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


TYPICAL  RESISTIVE  SWITCHING  PERFORMANCE 

FIGURE  9  -  TURN    ON  SWITCHING  TIMES  FIGURE  10  -  TURN  -  OFF  SWITCHING  TIMES 


0.3  0.5       0.7  1.0 

lC.  COLLECTOR  CURRENT  (AMPS) 


2.0 

1.0 
-  0.700 
!  0  500 


0300 
0  200 


VCC  »  500  V 
"  'C"B1  "  3  - 
_Tj  =  25°C  _ 


VbE(o(II  =  5.0V 


1.3  0.5        0.7  1.0 

lc,  COLLECTOR  CURRENT  (AMPS) 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VcEO(sus) 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


z 

F-O 

EE 

z  a 
_z 
o 
u 


^2 


PW  Variad  to  All 

lr  =  100  m.A 


Atl  Diodes  -  1N4934 
All  NPN  -  MJE200 
All  PNP  -  MJE210 

Adjust  R1  to  obtain  lB-| 

For  switching  and  RBsoa,  R2  =  0 

For  BVCEO|sus),  R2  =  « 


4=  250  JiF  |  Adjust  to 

obtain 
VBE(off)  =  5.0  V 


TURN  ON  TIME 


TURN  OFF  TIME 


VCC  =  500  V 

R(_  =  500  n 

Pulse  Width  =  10  us 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


r 

/CE  or 


13: 


Tm*  i — ■  p — i 


L.oj.i'e,,! 


Wcpk' 


Test  Equipmenl 
Scope  -  Tehironm 
475  or  Equivalem 


RESISTIVE  TEST  CIRCUIT 


o_1  1  C.A 
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FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


g  0.1 


■  BONDING  WIRE  LIMIT 
-THERMAL  LIMIT 
-SECOND  BREAKDOWN  LIMIT 


20  50  100  200  S0O 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  13  -  RBSOA,  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown  Safe  operating  area  curves  indicate  Ic-VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation,  i.e.-.  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  12  is  based  on  Tc  =  25°C.  Tj(p|<| 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Jq  >  25°C  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
F  igure  14. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  11. 
Ai  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to 
a  safe  level  at  or  below  a  specific  value  of  collector  cur- 
rent. This  can  be  accomplished  by  several  means  such  as 
active  clamping,  RC  snubbing,  load  line  shaping,  etc.  The 
safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  13 
gives  the  complete  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 
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Designers  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

- 

The  MJE8502  and  MJE8503  transistors  are  designed  for  high- 
voltage,  high-speed,  power  switching  in  inductive  circuits  where  fall 
time  is  critical.  They  are  particularly  suited  for  line  operated  switch- 
mode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 
Fast  Turn-Off  Times 

150  ns  Inductive  Fall  Time-25°C  (Typ) 

400  ns  Inductive  Crossover  Time-25°C  (Typ) 

1200  ns  Inductive  Storage  Time-25°C  (Typl 
Operating  Temperature  Range  —65  to  +125°C 
100°C  Performance  Specified  for-. 

Reverse-Biased  SOA  with  Inductive  Loads 

Switching  Times  with  Inductive  Loads 

Saturation  Voltages 

Leakage  Currents 


MAXIMUM  RATINGS 


THERMAL  CHARACTERISTICS 


Rating 

Symbol 

MJE8502 

MJE8503 

Unit 

Collector  Emitter  Voltage 

vCEOIsusl 

700 

800 

Vdc 

Collector  Emitter  Voltage 

VCEV 

1200 

1400 

Vdc 

Emitter  Base  Voltage 

8.0 

8.0 

Vdc 

Collector  Current  -  Continuous 

>c 

5.0 

5.0 

Adc 

Peak  11  ) 

'CM 

10 

10 

Base  Current  -  Continuous 

6 

4  0 

4.0 

Adc 

Peak  111 

'bm 

8.0 

8.0 

Total  Power  Dissipation  (§•       =  25°C 

pD 

80 

80 

Watts 

<3TC=  100°C 

21 

21 

Derate  above  25°C 

0.80 

0.80 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tjtg 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

RfJC 

1.25 

°c/w 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

T|_ 

275 

°C 

11)  Pulse  Test:  Pulse  Width  -  5  ms.  Dutv  Cycle  <!  10%. 

5.0  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

700  and  800  VOLTS 
80  WATTS 


Designer's  Data  for 
"Worst  Case''  Conditions 

The  Designers  Data  Sheet  per 
mits  the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 

des'9"  


h 


z 


~-  R 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

IS  75 

0  575 

0  620 

B 

965 

10  29 

0  380 

0  405 

C 

4  06 

4.82 

0  160 

0  190 

D 

0  64      0  89 

0  D25 

0  035 

F 

3  61      3  73 

0  142 

0  147 

G 

2  41  1    2  67  !  0  095 

0  105 

H 

279 

3  93 

0  110 

0  155 

J 

0  36 

0.56 

0.014 

0  022 

K 

12.70 

1427 

0  5  00 

0  562 

t 

1.14 

1.39 

0  045 

0  055 

» 

4.83 

533 

0  190 

0210 

-8- 

2  54 

3  04  I  0  100 

0  120 

2.04 

2  79 

0  080 

0110 

s 

1.14 

1.39 

0045 

0  0  5- 

T 

597 

648 

0.235 

0  255 

II 

000 

1  27 

0  000 

0  050 

V 

1  14 

0045 

z 

2.03 

0  080 

1 


N 


STYLE  I: 

PIN  1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


CASE  221A-02  TO-220 
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ELECTRICAL  CHARACTERISTICS  (Tc  5  25°C  unless  otherwise  notedl 


Characteristic 

Symbol 

Min 

TVP 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (Table  1)  MJE8502 
(lc  =  100  mA.  IB  =0)  MJE8503 

vCEOIsusl 

700 
800 

Vdc 

Collector  Cutoft  Current 

<VCEV  :  Rated  Value,  VBE|o(,|  -  1.5  Vdcl 

IVCEV  =■  Hated  Value,  VgElolfl  =  15  vdc.  TC  "  100OC) 

'CEV 

0.25 
5.0 

mAdc 

Collector  Cutoff  Current 

(VCE  -  Rated  VCEV,  RBE  -  50  il.  Tc  =  100°CI 

'CER 

5.0 

mAdc 

Emitter  Cutoff  Current 

(VEB  =  7.0  Vdc.  Ic  =  01 

'EBO 

1  .0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

>S/b 

See  Figure  1 2 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (1 1 


DC  Current  Gam 

(lc  -  10  Adc,  VCE  =  5.0  Vdcl 

hFE 

7.5 

Collector-Emitter  Saturation  Voltage 
(lc  =  2.5  Adc.  IB  =  1.0  Adc) 
(lc  -  5.0  Adc,  lB  -  2  0  Adc) 
(IC  =  2.5  Adc,  lB  =  1.0  Adc,  Tc  =  100°CI 

vCE(sat) 

2.0 
5.0 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(IC  =  2.5  Adc,  lB  =  1.0  Adc) 
«C  =  2-5  Adc,  lB  =  1 .0  Adc,  Tc  -  1 00°C) 

vBEIsat) 

1.5 
16 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  =0,  ftest  •  1.0  kHz) 

Cob 

60 

300 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

( VCC  -  500  Adc.  IC  =  2.5  A. 

|B1  =  1.0  A,  VBE(off).5.0  Vdc.  tp  =  50  us. 

Duty  Cycle  <  2.0%) 

'd 

0.040 

0  20 

MS 

Rise  Time 

tr 

0.125 

2  0 

us 

Storage  Time 

's 

1.2 

4.0 

us 

Fall  Time 

'f 

0.65 

20 

us 

Inductive  Load,  Clamped  (Table  1 ) 

Storage  Time 

(IC  =  2.5  A(pk|,  Vc|amp  -  500  Vdc,  Igi  -  1 .0  A, 
vBE(off)  "  5  vdc.  TC  =  100°C) 

<SV 

1.6 

5.0 

us 

Crossover  Time 

'c 

0.60 

2.0 

us 

Storage  Time 

(IC  »  2.5  A(pk),  Vc|amp  =  500  Vdc,  lB1  =  1 .0  A, 
vBEIoffl  =  5  Vdc.  TC  =  25°CI 

1.2 

us 

Crossover  Time 

0.4 

us 

Fall  Time 

It 

0.15 

US 

(1)  Pulse  Test  PW   300  us.  Duty  Cycle  s  2%. 


3-1167 


MJE8502,  MJE8503 


MJE8502,  MJE8503 


SWITCHING  TIMES  NOTE 


FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  8  -  PEAK  REVERSE  BASE  CURRENT 


1 

,  ■  2.5  A 
il  -  1-0  A 

1 

0  2.0  4.0  6.0  8.0 
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In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure 
ments  must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Iri  to  10%  VcE(pk) 

trv  =  Voltage  Rise  Time,  10-90%  VcE(pk) 

tf,  =  Current  Fall  Time,  90-10%  lc 

t,j  =  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time,  10%  VcE(pk|  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 
is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=  "2  Vcclc(tc)f 
In  general,  trv  +  tf;  =*  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica 
Hons  which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


TYPICAL  RESISTIVE  SWITCHING  PERFORMANCE 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


VCEOIsui) 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


— V 


PW  V»nad  to  An 

lc  =  100  mA 


All  Diodes  -  IN4934 
All  NPN  -  MJE200 
All  PNP  -  MJE210 

Adjust  R 1  to  obtain  lB1 

For  switching  and  R8soA.  R2  -  0 

For  8VCEO(sus),  R2  =  « 


obtain  6 
VBE(oft)-*-0  V 


TURN  ON  TIME 


r 


Obtain  iha  torcad 
hpE  danrad 
TURN  OFF  TIME 
U*e  induct. va  twitching 
driver  at  ihe  input  10 
tha  rtWMli—  tan  circuit 


Lcoil  180  mh 
Rco„  0  05  1! 
VCC     20  V 


Vcc  =  500  V 

r  L  =  200  n 

Pulse  Width  =  10  MS 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


MR816 

-W— 


RESISTIVE  TEST  CIRCUIT 


r'TT  h»-l 


Te*t  Equipmtni 
Scope  -  Tikironi. 
475  0-  Equivalent 
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SAFE  OPERATING  AREA  INFORMATION 


FIGURE  12  -  FORWARD  BIAS  SAFE  OPERATING  AREA 


VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  13  -  RESSOA.  REVERSE  BIASSWITCHII 
SAFE  OPERATING  AREA 
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FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  abilay 
of  a  transistor:  average  function  temperature  and  second 
breakdown.  Safe  operating  area  curves  Indicate  'C-^CE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  Tc  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
F  igur e  14, 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  11, 
Ai  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to 
a  safe  level  at  or  below  a  specific  value  of  collector  cur- 
rent. This  can  be  accomplished  by  several  means  such  as 
active  clamping,  RC  snubbing,  load  line  shaping,  etc.  The 
safe  level  for  these  devices  is  specified  as  Reverse  Bias 
Safe  Operating  Area  and  represents  the  voltage-current 
condition  allowable  during  reverse  biased  turn-off.  This 
rating  Ts  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  13 
gives  the  complete  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 
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HORIZONTAL  DEFLECTION  TRANSISTOR 


.  .  .  specifically  designed  for  use  in  small  screen  black  and  white 
deflection  circuits. 

•  Collector-Emitter  Voltage  -  VcEX  "  1500  Volts 

•  Glassivated  Base-Collector  Junction 

•  Switching  Times  with  Inductive  Loads  — 

tf  =  0.65  us  (Typ)  <§>  lc  =  2.0  A 





FIGURE  1  —  TEST  CIRCUIT 

Common  +  80  V 

360O 


2.5  AMPERE 

NPN  SILICON 
POWER  TRANSISTOR 

1500  VOLTS 
65  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

750 

Vdc 

Collector-Emitter  Voltage 

VCEX 

1500 

Vdc 

Emitter-Base  Voltage 

vEBO 

5.0 

Vdc 

Collector  Current  —  Continuous 

ic 

2.5 

Adc 

Base  Current  -  Continuous 

'B 

2.0 

Adc 

Emitter  Current  -  Continuous 

IE 

4.5 

Adc 

Total  Power  Dissipation  @  Tc  '  25°C 
Derate  above  25°C 

PD 

65 
0.65 

Watts 
W/°C 

Operating  and  Storage  Junction  Temperature  Range 

TJ.  Tstg 

-65  to  +126 

°c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

1.54 

°c/w 



10/150  \ 


kNSFORMER  ITU 

Motorola  oart  numb.r  ISD6S7B2 A  OS- 1/4  "  laminata  "E"  iron 
con  B<lm««v  Inducianea-  3»  mH  Secondary  iMuctwct  -  27  mH. 
L»*k*g*  Inducunoa  witfi  orlmarv  *IrUd  -  3.0  ||H.  Primary  360 
tumi    "28    AWG    tnam.l    Mm,   Secondary    17    turm.    K32  AWG 


-J 


AT 

,  SECT  A  A 


 R 


■si 


£  )l 


J 


BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

15  75 

0  575 

0  620 

965 

10  29 

0  380 

0  405 

C 

106 

4  82 

0  160 

0  190 

0 

0  64  1    0  89 

0  025 

0  035 

f 

3  61 

3  73 

0  142 

0  147 

G 

241 

2  67 

0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  155 

J 

036 

0  56 

0014 

0  022 

K 

12  70 

1427 

0  500 

0  562 

L 

114 

1  39 

0  045 

0  055 

R 

483 

533 

0.190 

0210 

Q 

2  54 

3  04 

0  100 

0  120 

n 

2  04 

2.79 

0  080 

0.1 10 

s 

114 

1.39 

0  045 

0  055 

T 

5.97 

848 

0  235 

0  255 

u 

3  00 

1.27 

0  000 

0  050 

V 

1.14 

0.045 

2 

2.03 

0  080 

CASE  221A02 
TO220AB 


3-1172 


MJE 12007 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted)  

|  Characteristic  |         Symbol        |  Min  |        Typ  Man  |       Unit  | 


OFF  CHARACTERISTICS  (11 


Collector-Emitter  Sustaining  Voltage 
(lc  =  50  mAdc.  IB  =  01 

VcEO(sus) 

750 

Vdc 

Collector  Cutoff  Current 

IVCe  -  1500  Vdc,  VBE  =  0) 

'CES 

1.0 

mAdc 

Emitter  Cutoff  Current 
!VBE  -  5.0  Vdc,  lc  ■  01 

lEBO 

0.1 

mAdc 

ON  CHARACTERISTICS  (11 

Collector-Emitter  Saturation  Voltage 
'lc  =  2.0  Adc,  lB  =  1.8  Adc) 

vCE(sat) 

5.0 

Vdc 

Base-Emitter  Saturation  Voltage 
IIC -2.0  Adc,  lB«' 1.8  Add 

vBE(sat) 

1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

IVcb  =  10  vdc.  It;  =  0,  f  =  0.1  MHz) 

cob 

50 

pF 

Current  Gain  —  Bandwidth  Product  (1) 

(lc  =  0.1  Adc.  VCE  -  5.0  Vdc.  ftest  -  1.0  MHz) 

'T 

4.0 

- 

MHz 

SWITCHING  CHARACTERISTICS 

Fall  Time 

t» 

MS 

(lc  =  2.0  Adc,  lB1  =  1.0  Adc,  LB  -  12  uH) 

0.65 

1.0 



(11  Pulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  »  2%. 


FIGURE  2  -  DC  CURRENT  GAIN  FIGURE  3  -  "ON"  VOLTAGE 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 
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Designers  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 


These  devices  are  designed  for  high-voltage,  high-speed  power  switch- 
ing inductive  circuits  where  fall  time  is  critical.  They  are  particularly 
suited  for  115  and  220  V  SWITCHMODE  applications  such  as 
Switching  Regulators,  Inverters,  Motor  Controls,  Solenoid/Relay 
drivers  and  Deflection  circuits. 

SPECIFICATION  FEATURES: 

•  Reverse  Biased  SO  A  with  Inductive  Loads  @  Tc  =  100°C 

•  Inductive  Switching  Matrix  0.5  to  1.5  Amp,  25  and  100°C 

.  .  .  tc@  1  A,  100°C  is  290  ns  (Typ). 

•  700  V  Blocking  Capability 

•  SOA  and  Switching  Applications  Information. 


1.6  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

300  and  400  VOLTS 
40  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJE 13002 

MJE 13003 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

300 

400 

Vdc 

Collector-Emitter  Voltage 

VCEV 

600 

700 

Vdc 

Emitter  Base  Voltage 

vEBO 

9 

Vdc 

Collector  Current  -  Continuous 
-  Peak  (11 

ic 

ICM 

1.5 
3 

Adc 

Base  Current  -  Continuous 
-  Peak  (1) 

IB 
'  BM 

0.75 
1.5 

Adc 

Emitter  Current  -  Continuous 
-Peak(l) 

•e 

'EM 

2.25 
4.5 

Adc 

Total  Power  Dissipation@TA  =  25°C 
Derate  above  25°C 

I.  4 

II.  2 

Watts 
mW/°C 

Total  Power  Dissipation@Tc  =  25°C 
Derate  above  25°C 

pD 

40 

320 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-65  to +150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R8JC 

3.12 

°C/W 

Thermal  Resistance,  Junction  to 
Ambient 

RflJA 

89 

°C/W 

Maximum  Lead  Temperature  for 
Soldering  Purposes:  1/8"  from  Case 
for  5  Seconds 

275 

°C 

11)  Pulse  Test:  Pulse  Width  -  5  ms,  Duty  Cycle  <  10%. 


Designer's  Data  for  "Worst  Case"  Conditions 

The  Designers  Data  Sheet  permits  the  design  of  most  circuits  entirely 
from  the  information  presented.  Limit  data  -  representing  device 
characteristics  boundaries  -  are  given  to  facilitate  "worst  case" 


STYLE  3 

PIN  1.  BASE 

2.  COLLECTOR 

3.  EMITTER 


DIM 

MILLIMETERS 

INCHES 

MIN  MAX 

MIN 

MAX 

" 

10  80 

11.05 

0425 

D  135 

6 

7.49 

7.75 

0  295 

0  305 

C 

241 

2.67 

(i  li'i'i 

(1  105 

0 

D.S1 

Lies 

li  020 

ii  02Si 

F 

2.92 

3.18 

0.115 

0  125 

q 

2.31 

2.4G 

1!  B&1 

0.097 

H 

1.27 

2.41 

0  UBO 

11  l)!)5 

J 

0.38 

0.64 

0015 

t!02<i 

K 

IS.l  1 

IE  S3 

n  595 

0  655 

U 

3 

TYP 

3d  T 

fP 

Q 

3.76 

401 

0  148 

(1  158 

R 

1.14 

1.40 

:'  345 

)  15E 

S 

0.64 

0  83 

!:  025 

0  OiS 

u 

3.94 

:.  145 

0  155 

V 

1.02 

0  040 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted  ! 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS  11) 

Collector-Emitter  Sustaining  Voltage 

(lr  =  10mA,  lB-0)  MJE13002 

MJE 13003 

vCEO(sus) 

300 
400 

Vdc 

Collector  Cutoff  Current 

(VCEV  "  Ra,ed  Value.  VBE(0ff)  -  1 .5  Vdc) 

<VCEV  *  Ra,ed  Value,  VBE(off)  -  1.5  Vdc,Tc  •  100°CI 

ICEV 

t,l  . 
6 

mAdc 

Emitter  Cutoff  Current 
(VEB  -  9  Vdc.  IC  -  01 

'EBO 

1 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

'S/b 

See  Figure  1 1 

Clamped  Inductive  SOA  with  base  reverse  biased 

RBSOA 

See  Figure  12 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 

(lc  -  0.5  Adc,  VCE  -  2  Vdcl 
(IC  =  1  Adc.  Vce  =  2  Vdc] 

nFE 

8 
5 

40 

25 

Collector-Emitter  Saturation  Voltage 
(IC  -  0.5  Adc.  IB  -  0.1  Adc) 
(lc  -  1  Adc,  lB  =  0.25  Adc) 
(lc  -  1.5  Adc,  lB-0.5  Add 
(lc  -  1  Adc.  IB  =  0.25  Adc.  Tc  -  100°C) 

VCE(sat) 

0.5 
1 
3 
1 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  -  0.5  Adc,  lB  =  0.1  Adc) 
(IC  -  1  Adc,  lB  -  0.25  Adc) 
(lc  =  1  Adc.  IB  -  0.25  Adc,  Tc  -  100°C) 

VBEIsat) 

1 

1.2 
1.1 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(IC  -  100  mAdc,  VCE  "  10  Vdc,  f  =  1  MHz) 

«T 

4 

10 

MHz 

Output  Capacitance 

lvCB  =  10  Vdc'  lE  =  0,  f  =  0.1  MHz) 

CDb 

21 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1  ] 

Delay  Time 

(Vcc  "  125  Vdc.  lc  =  1  A, 
lB1  =  lB2=0.2  A,  tp  -25us. 
Duty  Cycle*  1%) 

«d 

0.05 

0.1 

MS 

Rise  Time 

<r 

0.5 

1 

MS 

Storage  Time 

's 

2 

4 

MS 

Fall  Time 

tf 

0.4 

0.7 

MS 

Inductive  Load,  Clamped  (Table  1,  Figure  13) 

Storage  Time 

(IC  -  1  A.  Vc|amp  -  300  Vdc, 

lB1  -  0.2  A,  VBEIoff|  =  5  Vdc,  TC  '  100°C) 

«SV 

1.7 

4 

MS 

Crossover  Time 

'c 

0.29 

0.75 

MS 

Fall  Time 

<fi 

0.16 

MS 

(1)  Pulse  T  est:  PW  -  300  ms.  Duty  Cycle  <  2%. 


MJE13002,  MJE13003 


3-1176 


MJE13002,  MJE13003 


TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


REVERSE  BIAS  SAFE  OPERATING  AREA  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


;  bv 

Duty  Cycle  <  10%  }e 
tr,  tf  <  10  ni  _L 


NOTE 


PW  and  Vcc  Adjusted  for  Desired  lc 
RB  Adjusted  for  Desired  1B1 


vclamp 
+  •Selected  for  >  1  kV 


"B 

o-vw 


Dli, 


VCE 


.  Scope 


6  -i 
.0  V 


0.02  HF 




Coll  Data: 

Ferroxcube  Core  #€656 

Full  Bobbin  <~200  Turns)  #20 


r-</> 

E< 

o> 


GAP  for  30  mH/2A 
Lcoll  "  50  mH 


VCC  -  20  V 
Vclamp  "  3<">  vdc 


VCC  -  126  V 
RC  -  126  n 
Dl  -  1N5820  or  Equiv 


tf  Clamped 


J 

Clpk 


VCE 


1  

VCE  or 

vclamp 


Time  La-t2-a- 


OUTPUT  WAVEFORMS 


t1  Adjusted  to 
Obtain  lc 


"Ir-- 


Lcoil  I'Cpk1 
<1  *  vcc 

Lcorl  <[C0J 

t2  *   2-— 

vclamp 


Test  equipment 
Scope  Tektronics 
475  or  Equivalent 


-8.5  V 


25MI 


tr,  tf  <  10  m 
Duty  Cycle  =  1 .0% 
Be  and  Rc  adjusted 
for  desired  I B  and  lc 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  »  Voltage  Storage  Time.  90%  Igl  to  10%  Vc|amp 

trv  ■  Voltage  Rise  Time,  10-90%  Vc|amp 

tfi  =  Current  Fall  Time,  90-10%  lc 

tti  "  Current  Tail,  10-2%  \q 

tc  =  Crossover  Time,  10%  Vc|amp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT=1/2Vcclc(tc)f 
In  general,  trv  +  tfj  —  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench- 
mark for  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  8  -  TURN-ON  TIME 


FIGURE  9  -  TURN-OFF  TIME 


0.02  0.03 


0.05  0.07    0.1  0.2     0.3       0.5  0.7 

; 

IC,  COLLECTOR  CURRENT  (AMP) 


VCC=  125V: 
IC"8=5 
Tj  ■  25°C  " 


0.05  0.07   0.1  0.2     0.3       0.5  0.7 

IC,  COLLECTOR  CURRENT  IAMP) 


FIGURE  10  -  THERMAL  RESPONSE 


ZOJCID  ■  rill  AOJC 
R0JC'3.12°C/WMax 

0  CURVES  APPLY  FOR  POWER 
PULSE  TRAIN  SHOWN 
READ  TIME  AT  n 

Tj|pk|-Tc  '  P[pkl  RoJCdl 


rRTL 

k-  12-1 
DUTY  CYCLE.  0  =  11/12 


1  2      3        5  10 

I.  TIME  OR  PULSE  WIDTH  (ms) 
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Safe  Operating  Area  figures  shown  in  Figures  1 1  and  12  are 
ratings  tor  tnese  aovicos  unoer  tne  test  conamons  snown. 


FIGURE  11  -  FORWARD  BIAS  SAFE  OPERATION  AREA 


10  20      30        50    70     100  200  300 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTSI 


FIGURE  12  -  REVERSE  BIAS  SAFE  OPERATING  AREA 


 TC« 

IB1 

;  100°C 

—  VBElo 

|)  -  9  V  . 

=  1  A 

MJE 13002 — >J 

\MJ 

j 

13003  — 

5V  

3V 
1.5  V 

1 

0  2 

10       300  4 

0        500       600  7 

0  80 




VCEV,  COLLECTOR-EMITTER  CLAMP  VOLTAGE  IVOLTSI 


SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc~VcE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  11  is  based  on  Tq  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  ^  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1 1  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  13. 

Tj{pk)  mav  De  calculated  from  the  data  in  Figure  10. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
12  gives  RBSOA  characteristics. 


FIGURE  13-  FORWARD  BIAS  POWER  DERATING 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  devices  are  designed  for  high-voltage,  high-speed  power  switch- 
ing inductive  circuits  where  fall  time  is  critical.  They  are  particularly 
suited  for  1 15  and  220  V  SWITCHMODE  applications  such  as  Switch- 
ing Regulator's  ,  Inverters,  Motor  Controls,  Solenoid  /  Relay  drivers 
and  Deflection  circuits. 


SPECIFICATION  FEATURES: 

•  VcEO(sus)  400  V  and  300  V 

•  Reverse  Bias  SOA  with  Inductive  Loads  @  Tc  =  100°C 

•  Inductive  Switching  Matrix  2  to  4  Amp,  25  and  100°C 

.  .  .  tc  @>  3A,  1 00°C  is  1 80  ns  ITyp) 

•  700  V  Blocking  Capability 

•  SOA  and  Switching  Applications  Information. 





4  AMPERE 
NPN  SILICON 
POWER  TRANSISTORS 

300  and  400  VOLTS 
75  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJE13004 

MJE 13005 

Unit 

Collector-Emitter  Voltage 

vCEOIsusl 

300 

400 

Vdc 

Collector-Emitter  Voltage 

VCEV 

600 

700 

Vdc 

Emitter  Base  Voltage 

vEBO 

9 

Vdc 

Collector  Current  -  Continuous 
-  Peak  (11 

ig 

'CM 

4 

8 

Adc 

Base  Current  -  Continuous 
^Peak  111 

'B 
IBM 

2 
4 

Adc 

Emitter  Current  -  Continuous 
-  Peak  111 

IE 
'EM 

6 
12 

Adc 

Total  Power  Dissipation®^  =  25°C 
Derate  above  25°C 

Pd 

2 
16 

Watts 
mW/°C 

Total  Power  Dissipation@Tc  =  25°C 
Derate  above  25°C 

75 
600 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TjTstg 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rejc 

1.67 

°C/W 

Thermal  Resistance,  Junction  to 
Ambient 

R8JA 

62.5 

°C/W 

Maximum  Lead  Temperature  for 
Soldering  Purposes:  1/8"  from  Case 
for  5  Seconds 

T|_ 

275 

°C 

(1)  Pulse  Test:  Pulse  Width  -  5  ms.  Duty  Cycle  <  10%. 

Designer's  Data  for  "Worst  Case"  Conditions 
The  Designers  Data  Sheet  permits  the  design  of  most  circuits  entirely 
from  the  information  presented.    Limit  data  —  reDresenting  device 
characteristics  boundaries —are  given  to  facilitate  "worst  case"  design. 


W 


,1 


JCj 


D— -J 


L7 


STYLE  1 

PIN  I  BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIR 

MAX 

MIN 

MAX 

A 

14  60 

15  75 

0  575 

0  620 

B 

965 

10  29 

0  380 

0  405 

C  406 

4  82 

0  160 

0  190 

D 

0.64     0  89 

0  025 

0  03  5 

F 

3  61  ;   3  73 

0  142 

0  147 

G 

241 

2  67 

0  095 

0  1 05 

H 

2  79 

3  93 

0  110 

0  155 

J 

0  36 

0  56 

0014 

0  022 

K 

12  70 

■■-Ml 

0  500 

0  562 

L 

1  14 

1  39 

0  045 

0  055 

N 

4  83 

5  33 

0  190     0  210 

0 

254 

304 

0.100    0  120 

R 

2.04 

2.79 

0  080    0  1  10 

S 

1.14 

1  39 

0  045  :  0  055 

T 

5  97 

6  48 

0  235  D25S 

U 

0.00 

1  27 

0  000    0  050 

V 

1.14 

0045 

z 

-    1  2.03 

-    1  0  080 

CASE  221A-02 
TO-220AB 


3-1180 


MJE13004,  MJE 13005 


ELECTRICAL  CHARACTERISTICS  (Tc  =25°C  unless  otherwise  noted  ! 


I  

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 

(lc=10mA.  lB-0)  MJE13004 

MJE13005 

VCEO(sus) 

300 
400 

Vdc 

Collector  Cutoff  Current 

IVCEV  -  Rated  Value,  VBE(of f)  "  1  6  vdcl 

•VCEV  =  Raled  Value,  VBt£(0ff )  =  '  5  Vdc,  Tc  =  100°CI 

!CEV 

1 

5 

mAdc 

Emitter  Cutoff  Current 
IVEB  =  9Vdc.  Ic  =  0l 

'EBO 

1 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 

See  Figure  1 1 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 



See  Figure  12 

•ON  CHARACTERISTICS 

DC  Current  Gain 
<IC  "  1  Adc,  VCE 
(lc»2Adc,  VCE 

■  5  Vdc) 
■5  Vdc) 

hFE 

10 
8 

60 
40 

Collector-Emitter  Saturation  Voltage 
(IC-  1  Adc,  lB  -0.2  Adc) 
(lc  *  2  Adc.  IB  t  0.5  Adc) 
(lc  -  4  Adc,  lB  =  1  Adc) 
llc  -  2  Adc,  lB  -  0.5  Adc,  TC  -  100°C) 

vCE(satl 

0.5 
0.6 
1 
1 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  -  1  Adc,  lB  -  0.2  Add 
(lc  -  2  Adc,  lB  •  0.5  Adc) 
llc  •  2  Adc,  lB  =  0.5  Adc,  Tc  -  tO0°C) 

vBEIsat) 

1.2 
1.6 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(lc  -  500  mAdc,  VCE  =  10  Vdc,  f  -  1  MHz) 

<T 

4 

MHz 

Output  Capacitance 

Cob 

66 

pF 

IVCB    10  Vdc,  lE 

=  0.  f  =  0.1  MHz) 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  2) 

Delay  Time 

(VCC=  125  Vdc,  lc  -  2  A. 

'd 

0.025 

0.1 

MS 

Rise  Time 

>B1  "  'B2  *  0.4  A,  tp  -  25  us. 

tr 

0.3 

0.7 

US 

Storage  Ttme 

Duty  Cycle  <  1%) 

's 

1.7 

4 

US 

Fall  Time 

<l 

0.4 

0.9 

us 

Inductive  Load.  Clamped  (Table  2,  Figure  13) 

Voltage  Storage  Time 

<sv 

0.9 

US 

Crossover  Time 

IB1  =0.4  A,  VBE(offl  =5Vdc,Tc-  100°C) 

>C 

0.32 

0.9 

US 

Fall  Time 

%i 

0.16 

MS 

•Pulse  Test:  Pulse  Width  -  300  us.  Duty  Cycle  -  2%. 
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FIGURE  3  -  BASE-EMITTER  VOLTAGE  FIGURE  4  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE 


0  04  0.06      0.1  0.2  0.4     0  6        1  2  4  0.04    0.O6      0  1  0.2  0.4     0.6        1  2  4 

1C,  COLLECTOR  CURRENT  IAMP)  lc.  COLLECTOR  CURRENT  (AMP) 
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FIGURE  7  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


SWITCHING  TIMES  NOTE 


TABLE  1  -  TYPICAL  INDUCTIVE  SWITCHING  PERFORMANCE 


ic 

Tc 

•sv 

<r» 

«fi 

«ti 

«c 

AMP 

°C 

ns 

ns 

ns 

ns 

ns 

2 

25 

600 

70 

100 

80 

180 

100 

900 

110 

240 

130 

320 

3 

25 

650 

60 

140 

60 

200 

100 

950 

100 

330 

100 

350 

i 

25 

550 

70 

160 

100 

220 

100 

850 

1 10 

350 

160 

390 

NOTE:  All  Data  recorded  in  the  inductive  Switching  Circuit  in  Table  2. 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time,  90%  Igl  to  10%  Vc|amp 

trv  f  Voltage  Rise  Time.  10-90%  Vc)amp 

tfj  =  Current  Fall  Time,  90-10%  Iq 

ttj  =  Current  Tail,  10-2%  Ic 

tc  =  Crossover  Time,  10%  Vciamp  to  10%  tc 
An  enlarged  portion  of  the  inductive  switching  waveforms 
is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN-222: 

PSWT  =  1/2Vcclc(tc)f 
In  general.  trv  +  tfj  -  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench 
mark  tor  designers.  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


RESISTIVE  SWITCHING  PERFORMANCE 
FIGURE  8  -  TURN-ON  TIME 


FIGURE  9  -  TURN-OFF  TIME 
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TABLE  2  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


REVERSE  BIAS  SAFE  OPERATING  AREA  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


Outy  Cycle  <  10%  |, 
tr,  tf  <  1 0  ns 


PW  and  Vcc  Adjusted  tor  Desired  lc 
RB  Adjusted  for  Desired  lp1 


•Selected  (or  S°  1  kV 


D.  H 


3« 

5< 
o> 


Coil  Data; 

Ferro*cube  Core  #6666 
Full  Bobbin  1  —  16  Turns)  #16 


GAP  for  200  UH/20A 
Lcoil  "  200  |1H 


VCC  -  20  V 
"clamp  "  300  Vdc 


VCC  =  I  25  V 
Rc  -  62  n 
D1  =  1N5820  O.  Eouiv 
Rd  ■  22  n 


i 


OUTPUT  WAVE  FORMS 


tl  Adjusted  to 
Obtain  lc 


Lco.l  "Cpk1 

11  *  vcc 

Lco.l  ('cDkl 

tT  *  — —  ^- 


Test  Equipment 
Scope  -  Tektronix 
475  or  Equivalent 


-8  V 


"clamp 








tr.  If  <  10  ns 
Duty  Cycle  =  1  0% 
BB  and  Rc  adiusted 
for  des-red  lg  and  ic 


FIGURE  10  -  TYPICAL  THERMAL  RESPONSE  [ZeJCit)] 


1  k 
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The  Safe  Operating  Area  Figures  1 1  and  12  are 
specified  ratings  for  these  devices  under  the  test  c 


SAFEOPERAT 


FORWARD  BIAS  SAFE  OPERATING  AREA 


b       7       10  20      30         50     70    100  200    300  400500 

VCE,  COLLECTOR  EMITTER  VOLTAGE  IVOLTSI 

FIGURE  12-  REVERSE  BIAS  SWITCHING 
SAFE  OPERATING  AREA 


100  200  300  400  500  600  700 
VCEV.  COLLECTOR  EMITTER  CLAMP  VOLTAGE  (VOLTS) 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc-vCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  11  is  based  on  Tq  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Jq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  11  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  13. 

Tj{pk)  may  be  calculated  from  the  data  in  Figure  10. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
12  gives  the  complete  RBSOA  characteristics. 


FIGURE  13  -  FORWARD  BIAS  POWER  DERATING 
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SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJE 13006  and  MJE 13007  are  designed  for  high-voltage, 
high-speed  power  switching  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  115  and  220  V  switch- 
mode  applications  such  as  Switching  Regulators,  Inverters,  Motor 
Controls,  Solenoid/Relay  drivers  and  Deflection  circuits. 

SPECIFICATION  FEATURES: 

•  VcEO(sus)  400  V  and  300  V 

•  Reverse  Bias  SOA  with  Inductive  Loads  @>  Tc  =  100°C 

•  Inductive  Switching  Matrix  3  to  8  Amp,  25  and  100°C 

.  .  .  tc  @  5A,  100°C  is  136  ns  (Typ). 

•  700  V  Blocking  Capability 

•  SOA  and  Switching  Applications  Information. 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJE 13006 

MJE 13007 

Unit 

Collector-Emitter  Voltage 

vCEO(susl 

300 

400 

Vdc 

Collector-Emitter  Voltage 

VCEV 

600 

700 

Vdc 

Emitter  Base  Voltage 

vEBO 

9 

Vdc 

Collector  Current  -  Continuous 

ic 

8 

Adc 

-Peak  111 

'CM 

16 

Base  Current  —  Continuous 

'B 

4 

Adc 

-  Peak  11 1 

<BM 

8 

Emitter  Current  -  Continuous 

Ie 

12 

Adc 

-Peak  (1) 

'em 

24 

Total  Power  Dissipation@T/^  ■  25°C 

pd 

2 

Watts 

Derate  above  25°C 

16 

mW/°C 

Total  Power  Dissipation@Tc  ■  25°C 

pD 

80 

Watts 

Derate  above  25°C 

640 

mW/°C 

Operating  and  Storage  Junction 

T-lTstg 

-65  to  +160 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance.  Junction  to  Case 


Thermal  Resistance,  Junction  to 
Ambient 


Maximum  Lead  Temperature  for 
Soldering  Purposes:  1/8"  from  Cai 
for  5  Seconds 


Symbol 


R8JC 


Rsja 


°C/W 


ID  Pulse  Test:  Pulse  Width  -  6  ms.  Duty  Cycle  <  10%. 


8  AMPERE 
NPN  SILICON 
POWER  TRANSISTORS 
300  and  400  VOLTS 
80  WATTS 


Designer's  Data  for 
'Worst  Case"  Conditions 

The  Designers  Data  Sheet  per 
mits  the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  —  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 


A' 


u 

Dl— 


■  R 


STYLE  I 
PIN  1 

2 
3 


BASE 

COLLECTOR 

EMITTER 

COLLECTOR 


—  B  — 

1 

IP 



ras 

-  -V  , 

1 

H 

1 

-    N  - 

—  G 

NOTES 

1  DIMENSION  H  APPLIES  TO  ALL  LEADS 

2  DIMENSION  I  APPLIES  TO  LEADS  I 
AND  3 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

« 

1460 

15  75 

0  575 

0  620 

4- 

9  65 

10  29 

0  380 

0  405 

4  06 

4  82 

0  160 

0  190 

D  064 

0  89 

0.025 

0  035 

F 

361 

3  73 

0  142 

0  147 

G 

2  41 

2  67 

0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  155 

J 

0  36 

056 

0  014 

0  022 

K 

12  70 

1427 

0500 

0  562 

L 

114 

1  39 

0045 

0  055 

N 

4  83 

5  33 

0  190 

0210 

0 

2  54 

3  04 

0  100 

0  120 

R 

2  04 

2  79 

0  080 

0  110 

S 

114 

1  39 

0045 

0055 

T 

5S7 

6  48 

0  235 

0  256 

U 

0  00 

1  27 

0  000 

0  050 

V 

1  14 

0.045 

z 

2  03 

0  080 

CASE  221A-02 
TO220AB 
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ELECTRICAL  CHARACTERISTICS  <TC  -  25°C  unless  otherwise  noted  I 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage 

llc-10mA.  lB-0>  MJE13006 

MJE13007 

vCEOIsus) 

300 
400 

- 

Vdc 

Collector  Cutoff  Current 

IVCEV  -  Rated  Value,  VBE<0,,)  -  1 .5  Vdcl 

IVCEV  =  Rated  Value.  VBE(of„  ■  1.5  Vdc,  Tc  =  100°CI 

'CEV 

1 
5 

mAdc 

Emitter  Cutoff  Current 
IVEB  =  9  Vdc.  IC  ■  0) 

'EBO 

1 

I 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
Clamped  Inductive  SOA  with  Base  Reverse  Biased 

'S/b 

See  Figure  1 
See  Figure  2 

•ON  CHARACTERISTICS 

DC  Current  Gain 

(IC  =  2  Adc.  VCE  »  5  Vdc) 
(IC  -  5  Adc,  Vce  '  5  Vdc) 

hFE 

8 
5 

60 
30 

Collector-Emitter  Saturation  Voltage 
(IC  2  Adc.  lB  =  0.4Adc) 
(lC=  5  Adc,  lB=  1  Adc) 
llc -8  Adc,  lB«2Adc) 
(IC  =  5  Adc.  IB  =  1  Adc,Tc=  100°C) 

VcE(sat) 

1 

2 
3 
3 

Vdc 

Base-Emitter  Saturation  Voltage 
dC  =  2  Adc.  IB  -  0.4  Adc) 

vBE(satl 

1.2 

Vdc 

llc  -  5  Adc,  lB  »  1  Adc) 

(lc  •  5  Adc,  lB  -  1  Adc,  Tc  •  100°C) 

- 

- 

1.6 
1.5 

DYNAMIC  CHARACTERISTICS 

Current-Gain  -  Bandwidth  Product 

(lc  =  500  mAdc,  VCE  -  10  Vdc,  f  =  1  MHz) 

«T 

4 

MHz 

Output  Capacitance 

IVCB  ■  10  Vdc,  lE  =  0.  f  =  0.1  MHz) 

Cob 

110 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1) 

Delay  Time 

(Vce-  125  Vdc,  lc-5  A, 

<d 

0.05 

0.1 

MS 

Rise  Time 

0.8 

1.5 

MS 

'B1  =  lB2=  '  A,  tp  =  25  us. 
Duty  Cycle  1%) 

»r 

Storage  Time 

's 

1 

3 

"s 

Fall  Time 

if 

0.15 

0  7 

MS 

Inductive  Load.  Clamped  (Table  1,  Figure  13) 

Voltage  Storage  Time 

(lC  =  5A,  Vc,amp  =  300  Vdc, 

!B1  *  1  A,  VBE(offl  =  5  Vdc,  TC  -  100°C) 

t«v 

0.86 

2.3 

MS 

Crossover  Time 

<c 

0.14 

0.7 

MS 

•Pulse  Test:  Pulse  Width  -  300  us,  Duty  Cycle  =  2%. 
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FIGURE  3  -  FORWARD  BIAS  POWER  DERATING 
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There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Iq-Vqe 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tc  =  25°C;  Tj(p^) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  3. 

Tj(pk)  fay  be  calculated  from  the  data  in  Figure  4. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

Use  of  reverse  biased  safe  operating  area  data  (Figure  2) 
is  discussed  in  the  applications  information  section. 


FIGURE  4  -  TYPICAL  THERMAL  RESPONSE  [ZeJC(t|] 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


REVERSE  BIAS  SAFE  OPERATING  AREA  AND  INDUCTIVE  SWITCHING 


resistive 
Switching 


Duty  Cycle  <  10%  i& 
tr,  tf  <  10  ns 


PW  and  Vcc  Adjusted  for  Desired  lc 
RB  Adjusted  for  Desired  iB1 


1N4933;  ; 


vBE(off) 





t-ut 

E< 

u> 


Coil  Data: 

Ferroxcube  Core  #6656 
Full  Bobbin  (-16  Turns!  #16 


GAP  for  200  MH/20A 
Lcoi|  -  200  uH 


Vcc  =  125  V 
Rc  =  26  S! 

D1  -  1N5820  or  Eouiv 

rb  =  ion 


tf  Clamped 


OUTPUT  WAVEFORMS 


tf  Undamped  =  t2 


VcE 


tj  Adjusted  to 
Obtain  Iq 

Icoil  ('CM  » 

'1  '  vcc 


Test  Equipment 
Scope  -  Tektronix 
475  or  Equivalent 


Lcoil  l!CM  ' 
vclamp 


tr.  tf  <  10  ns 
Dutv  Cycle  =  1 .0% 
RB  and  Ftc  adjusted 
for  desired  |Q  and  Iq 


APPLICATIONS  INFORMATION  FOR  SWITCHMODE  SPECIFICATIONS 


INTRODUCTION 

The  primary  considerations  when  selecting  a  power 
transistor  for  SWITCHMODE  applications  are  voltage 
and  current  ratings,  switching  speed,  and  energy  handling 
capability.  In  this  section,  these  specifications  will  be 
discussed  and  related  to  the  circuit  examples  illustrated 
in  Table  2.(1) 


VOLTAGE  REQUIREMENTS 

Both  blocking  voltage  and  sustaining  voltage  are 
important  in  SWITCHMODE  applications. 

Circuits  B  and  C  in  Table  2  illustrate  applications 
that  require  high  blocking  voltage  capability.  In  both 
circuits  the  switching  transistor  is  subjected  to  voltages 
substantially  higher  than  Vcc  af,er  tne  device  is  com- 
pletely off  (see  load  line  diagrams  at  lc  =  'leakage  *  0 
in  Table  2).  The  blocking  capability  at  this  point  depends 
on  the  base  to  emitter  conditions  and  the  device  junction 
temperature.  Since  the  highest  device  capability  occurs 
when  the  base  to  emitter  junction  is  reverse  biased 
(VcEV).  this  is  the  recommended  and  specified  use 

11)  For  detailed  information  on  specific  switching  applications, 
see  Motorola  Application  Notes  AN-719,AN-737A,AN-767. 
and  AN-752. 


condition.  Maximum  IcEV  at  rated  VcEV  's  specified 
at  a  relatively  low  reverse  bias  (1.5  Volts)  both  at  25°C 
and  100°C.  Increasing  the  reverse  bias  will  give  some 
improvement  in  device  blocking  capability. 

The  sustaining  or  active  region  voltage  requirements 
in  switching  applications  occur  during  turn-on  and  turn- 
off.  If  the  load  contains  a  significant  capacitive  component, 
high  current  and  voltage  can  exist  simultaneously  during 
turn-on  and  the  pulsed  forward  bias  SOA  curves  (Fig- 
ure 1)  are  the  proper  design  limits. 

For  inductive  loads,  high  voltage  and  current  must  be 
sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to  a 
safe  level  at  or  below  a  specific  value  of  collector  current. 
This  can  be  accomplished  by  several  means  such  as  active 
clamping,  RC  snubbing,  load  line  shaping,  etc.  The  safe 
level  for  these  devices  is  specified  as  a  Reverse  Bias  Safe 
Operating  Area  (Figure  2)  which  represents  voltage- 
current  conditions  that  can  be  sustained  during  reverse 
biased  turn-off.  This  rating  is  verified  under  clamped 
conditions  so  that  the  device  is  never  subjected  to  an 
avalanche  mode. 

In  the  four  application  examples  (Table  2)  load  lines 
are  shown  in  relation  to  the  pulsed  forward  and  reverse 
biased  SOA  curves. 
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VOLTAGE  REQUIRE 

In  circuits  A  and  D,  inductive  reactance  is  clamped  by 
the  diodes  shown.  In  circuits  B  and  C  the  voltage  is 
clamped  by  the  output  rectifiers,  however,  the  voltage 
induced  in  the  primary  leakage  inductance  is  not  clamped 
by  these  diodes  and  could  be  large  enough  to  destroy  the 
device.  A  snubber  network  or  an  additional  clamp  may 
be  required  to  keep  the  turn-off  load  line  within  the 
Reverse  Bias  SOA  curve. 

Load  lines  that  fall  within  the  pulsed  forward  biased 
SOA  curve  during  turn-on  and  within  the  reverse  bias 
SOA  curve  during  turn-off  are  considered  safe,  with  the 
following  assumptions: 

( 1 )  The  device  thermal  limitations  are  not  exceeded. 

(2)  The  turn-on  time  does  not  exceed  10  /is  (see  stan- 
dard nulsed  forward  SOA  curves  in  Figure  1). 

(3)  The  base  drive  conditions  are  within  the  specified 
limits  shown  on  the  Reverse  Bias  SOA  curve 
(Figure  2) 

CURRENT  REQUIREMENTS 

An  efficient  switching  transistor  must  operate  at  the 
required  current  level  with  good  fall  time,  high  energy 


handling  capability  and  low  saturation  voltage.  On  this 
data  sheet,  these  parameters  have  been  specified  at  5 
amperes  which  represents  typical  design  conditions  for 
these  devices.  The  current  drive  requirements  are  usually 
dictated  by  the  VcE(sat)  specification  because  the  maxi- 
mum saturation  voltage  is  specified  at  a  forced  gain 
condition  which  must  be  duplicated  or  exceeded  in  the 
application  to  control  the  saturation  voltage. 

SWITCHING  REQUIREMENTS 

In  many  switching  applications,  a  major  portion  of  the 
transistor  power  dissipation  occurs  during  the  fall  time 
(tfj).  For  this  reason  considerable  effort  is  usually  devoted 
to  reducing  the  fall  time.  The  recommended  way  to 
accomplish  this  is  to  reverse  bias  the  base-emitter  junction 
during  turn-off.  The  reverse  biased  switching  character- 
istics for  inductive  loads  are  discussed  in  Figure  11  and 
Table  3  and  resistive  loads  in  Figures  13  and  14.  Usually 
the  inductive  load  component  will  be  the  dominant 
factor  in  SWITCHMODE  applications  and  the  inductive 
switching  data  will  more  closely  represent  the  device 
performance  in  actual  application.  The  inductive  switch- 
ing characteristics  are  derived  from  the  same  circuit  used 
to  specify  the  reverse  biased  SOA  curves,  (See  Table  1 ) 
providing  correlation  between  test  procedures  and  actual 
use  conditions. 


RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  11  -  TURN-ON  TIME 


IK 

/DO 

SOD 
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Vcc  ■  125  \ 
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FIGURE  13  -  INDUCTIVE  SWITCHING  MEASUREMENTS 
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FIGURE  12  -  TURN-OFF  TIMI 


Vcc  -  125V 
—   Ir/ln  =  5 

U 
is 

■2S 

> 

0.2     0.3       0.5  0.7 
IC.  COLLI 


3  5      7  10 

CURRENT  IAMPI 


FIGURE  14 -TYPICAL  INDUCTIVE  SWITCHING  WAVE  FORMS 
(at  300  V  and  8A  with  lB1  -  1.6A  jndVBE|ofl  =>  5  V) 
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TABLE  2  -  APPLICATIONS  EXAMPLES  OF  SWITCHING  CIRCUITS 


CIRCUIT 


LOAD  LINE  DIAGRAMS 


TIME  DIAGRAMS 


SERIES  SWITCHING 
REGULATOR 


°  T        Turn-On  (Forward  81st)  SOA 


Duty  Cycle  <  10% 
D  -  320OW® 


Turn-Off  (Reverse  Bias)  SOA 
r~  1.5  V  <VBE(of()<  9.0  V 
/         Duty  Cycle  <  10% 


X 


VCE 


VCC  400  V  ©       700  v(T) 
Collector  Voltage 

Notes: 

0  MJE13007  Voltage  Ratings  (VCEO{sus)  and  Vcev)  are  Shown, 

MJE13006  Ratings  are  100  V  Lower. 
(?)  See  AN-569  for  Pulse  Power  Derating  Procedure. 


1 


RINGING  CHOKE 
INVERTER 


16A- 


-W  f — o 

 * — o 


^Turn-On  (Forward  Bias)  SOA 
ton  <  10US 
\  Duty  Cycle  <  10% 

.  TC  -  100°C  -\fD  "  3200W© 

\       300  V 

^(          Turn-Off  (Reverse  Bias)  SOA 


/  1.5  V«VBE(of()<  9.0  V 
1  Duty  Cycle  <!  10% 


"400  V©"'"""      700  V© 
VCC  ♦  N(V0)     CoMector  voltage 

Notes: 

©  MJE13007  Voltage  Ratings  IVCEO(tus)  and  VCEV)  Are  Shown. 

MJE  13006  Ratings  Are  100  V  Lower. 
©  See  AN-569  For  Pulse  Power  Derating  Procedure 


PUSH-PULL 

INVERTER/CONVERTER 


rn  On   (Forward  Bias)  SOA 
ton  <  10« 
Duty  Cycle  <t  10% 


TC  -  100°C - 


PD  -  3200W  © 


Turn-off  (Reverse  Bias)  SOA 
1.5  V  <  VBEIo„|  <E  9.0  V 
Duty  Cycle  <  10% 


^1 


VCC    400  V  © 

Collector  Voltage 

Notes: 

©  MJE13007  Voltage  Ratings  ( VCEO(sus)  and  VCEV)  Are  Shown. 

MJE13006  Ratings  Are  100  V  Lower. 
©  See  AN-569  for  Pulse  Power  Derating  Procedure. 


VCC    I!  I  ' 

 1  »t 


SOLENOID  DRIVER 


16A  1 


Turn  On  (Forward  Bias)  SOA 
ton  <  10  lis 
'»  Duty  Cycle  <  10% 

10Q°C  — ^  PD  "  3200W  © 

300  V      Turn-Off  (Reverse  Bias)  SOA 
1.5  V  <  VBE(of)|  <  9.0  V 
Duty  Cycle  <  10% 


EL 


VCE 


+  "VCC    400  V  0  700  V® 

Notes:  Collector  Voltage 

0  MJE  13007  Voltage  Ratings  lVCEO(Sus)  and  VCEV]  Are  Shown, 

MJE  13006  Ratings  Are  100  V  Lower. 
(5)  See  AN-569  for  Pulse  Power  Derating  Procedure. 
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TABLE  3  -  TYPICAL  INDUCTIVE  SWITCHING  PERFORMANCE 


'c 

Tc 

tsv 

«rv 

t«i 

«ti 

«c 

AMP 

°C 

ns 

ns 

ns 

ns 

ns 

3 

25 

730 

116 

100 

110 

200 

100 

1000 

150 

100 

150 

250 

5 

25 

600 

60 

23 

4 

85 

100 

860 

84 

50 

10 

136 

8 

25 

650 

25 

26 

4 

42 

100 

880 

52 

80 

20 

160 

NOTE:  All  Data  recorded  in  the  inductive  Switching  Circuit  in  Table  1. 


CtAi ITPUI  MP  TIME  MflTCC 


In  resistive  switching  circuits,  rise,  fall,  and  storage  times 
have  been  defined  and  apply  to  both  current  and  voltage 
waveforms  since  they  are  in  phase.  However,  for  inductive 
loads  which  are  common  to  SWITCHMODE  power 
supplies  and  hammer  drivers,  current  and  voltage  wave- 
forms are  not  in  phase.  Therefore,  separate  measurements 
must  be  made  on  each  waveform  to  determine  the  total 
switching  time.  For  this  reason,  the  following  new  terms 
have  been  defined. 

tSv  =  Voltage  Storage  Time,  90%  Igi  to  10%  VrEM 

trv  =  Voltage  Rise  Time,  10-90%  VcEM 

tfj  =  Current  Fall  Time,  90-10%  Icm 

tti  =  Current  Tail,  10-2%  IcM 

tc  =  Crossover  Time,  10%  VcEM  to  10%  'CM 
An  enlarged  portion  of  the  turn-off  waveforms  is  shown  in 
Figure  13  to  aid  in  the  visual  identity  of  these  terms. 


For  the  designer,  there  is  minimal  switching  loss  during 
storage  time  and  the  predominant  switching  power  losses 
occur  during  the  crossover  interval  and  can  be  obtained 
using  the  standard  equation  from  AN-222A: 

PSWT=  1/2  VCClc(tc)f 
Typical   inductive  switching  waveforms  are  shown  in 
Figure  14.   In  general,  trv  +  tfj  —  tc.  However,  at  lower 
test  currents  this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  benchmark 
for  designers.  However,  for  designers  of  high  frequency 
converter  circuits,  the  user  oriented  specifications  which 
make  this  a  "SWITCHMODE"  transistor  are  the  inductive 
switching  speeds  (tc  and  twl  which  are  guaranteed  at 
100°C. 
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Designfrs  Data  Sheet 


SWITCHMODE  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

The  MJE13008  and  MJE  13009  are  designed  for  high-voltage, 
high-speed  power  switching  inductive  circuits  where  fall  time  is 
critical.  They  are  particularly  suited  for  115  and  220  V  switch- 
mode  applications  such  as  Switching  Regulators,  Inverters,  Motor 
Controls,  Solenoid/Relay  drivers  and  Deflectioncircuits. 

SPECIFICATION  FEATURES: 

•  VcEO(sus)  400  V  and  300  V 

•  Reverse  Bias  SOA  with  Inductive  Loads  @  Tc  =  100°C 

•  Inductive  Switching  Matrix  3  to  12  Amp,  25  and  100°C 

.  .  .  tc  @  8  A,  100°C  is  120  ns  (Typ). 

•  700  V  Blocking  Capability 

•  SOA  and  Switching  Applications  Information. 


12  AMPERE 
NPN  SILICON 
POWER  TRANSISTORS 
300  and  400  VOLTS 
100  WATTS 


Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designers  Data  Sheet  per 
mits  the  design  of  most  circuits 
entirely  from  the  information  pre- 
sented. Limit  data  -  representing 
device  characteristics  boundaries  - 
are  given  to  facilitate  "worst  case" 
design. 


|  1 

MAXIMUM  RATINGS 

Rating 

Symbol 

MJE 13008 

MJE13009 

Unit 

Collector-Emitter  Voltage 

vCEO(sus> 

300 

400 

Vdc 

Collector-Emitter  Voltage 

VCEV 

600 

700 

Vdc 

Emitter  Base  Voltage 

vEBO 

9 

Vdc 

Collector  Current  -  Continuous 
-Peak  111 

>C 
'CM 

12 
24 

Adc 

Base  Current  -  Continuous 
-  Peak  (11 

is 

'BM 

6 
12 

Adc 

Emitter  Current  -  Continuous 
-  Peak  (1 1 

Ie 

'EM 

18 
36 

Adc 

Total  Power  Dissipation@1"A  =  25°C 
Derate  above  25°C 

Pd 

2 

16 

Watts 
mW/°C 

Total  Power  Dissipation@TQ  »  25°C 
Derate  above  25°C 

pD 

100 
800 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

1.25 

°C/W 

Thermal  Resistance.  Junction  to 
Ambient 

R9JA 

62.5 

°c/w 

Maximum  Lead  Temperature  for 
Soldering  Purposes:  1/8"  from  Case 
for  5  Seconds 

TL 

275 

°c 

11)  Pulse  Test:  Pulse  Width  -  5  ms.  Duty  Cycle  <  10%. 

-  s 
f  c 

n 

A  k 

ji 

j  SECT  A  A 

— 1 

,7 


N  I  BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


EE' 


NOTES 

1  DIMENSION  H  APPLIES  TO  All  LEADS 

2  DIMENSION  L  APPLIES  TO  LEADS  1 
AND  3 


DIM 

MILLIMETERS 

INCHES 

MIX 

MAX 

MIN 

MAX 

* 

1460 

15  75 

0  575 

0  620 

B 

9  65 

10  23 

0  380 

0  405 

C 

4  06 

4  82 

0160 

0  190 

D 

0  64 

0  89 

0  025 

0  035 

F 

3  61 

3  73 

0  142 

0  147 

G 

241 

2  67 

0  095 

0  105 

H 

2  79 

393 

0  110 

0  155 

J 

0  36 

0  56  1  0  014 

o  02; 

K 

12.70 

1427 

0  500 

0  562 

L 

114 

1  39 

0  045 

0.055 

N 

4  83 

5  33 

0  190 

0  210 

0 

2  54 

3  04  !  0  100 

0  120 

R 

2  04 

2  79  i  0  080 

0  110 

S 

114 

1.39 

0.045 

0055 

T 

5  97 

6.48 

0.235 

0.255 

U 

0  00 

1  27 

0  000 

0  050 

V 

1.14 

0.045 

z 

203 

0.080 

CASE  221A  02 
TO220AB 
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ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted  1 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

"OFF  CHARACTERISTICS 

1  

Collector-Emitter  Sustaining  Voltage 

(lc  =  10  mA,  lB  -  0)  MJE13008 

MJE 13009 

vCEO(sus) 

300 
400 

Vdc 

Collector  Cutoff  Current 

IVCEV  =  Rated  Value.  VBE(offl  =  1  5  vdcl 

(VCEV  *  Ra,ed  Value,  VBE|of()  -  1.5  Vdc.  Tc  =  100°CI 

'CEV 

1 

5 

mAdc 

Emitter  Cutoff  Current 
IVEB  -  9  Vdc.  IC  -  0) 

'EBO 

1 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  base  forward  biased 
Clamped  inductive  SOA  with  Base  Reverse  Biased 

'Sib 

" 

See  Figure  1 
See  Figure  2 

DC  Current  Gain 

(lc  "  5  Adc,  VCE  ■  5  Vdcl 
(IC^SAdc.VcE^SVdc) 

nFE 

8 
6 

40 

30 

Collector-Emitter  Saturation  Voltage 
He  ■  5  Adc,  lB  =  1Adc) 
(lc  -  8  Adc.  IB  =  1.6  Adcl 
(IC  "  12  Adc,  lB  =  3  Adcl 
(IC  -  8  Adc,  1B  -  1.6  Adc,  Tc  »  100°C) 

vCE(sat) 

1 

1.5 

3 

2 

Vile 

Base-Emitter  Saturation  Voltage 
(IC  =  5  Adc,  lB  •  1  Add 
(lc  =  8Adc,  lB=  1.6  Adc) 
(lc  =  8  Adc,  lB  =  1.6  Adc,Tc  =  100°CI 

vBE(sat) 

1.2 
1.6 
1.5 

Vdc 

DYNAMIC  CHARACTERISTICS 



Current-Gain  -  Bandwidth  Product 

(IC  "  500  mAdc,  VCE  -  10  Vdc,  f  •  1  MHz) 

►t 

4 

MH; 

Output  Capacitance 

(VCB    10  Vdc,  lE  -  0,  f  =  0.1  MHz) 

cob 

180 

pF 

SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1) 

Delay  Time 

IVcc-126  Vdc,  IC-8A, 
lB1  =  lB2  «  1.6  A,  tp  -  25  us, 

Duty  Cycle  J%l 

'd 

0.06 

0.1 

ys 

Rise  Time 

tr 

0.45 

1 

MS 

Storage  Time 

's 

1.3 

3 

MS 

Fall  Time 

>) 

0.2 

0.7 

MS 

Inductive  Load.  Clamped  (Table  1 ,  Figure  1 3) 

Voltage  Storage  Time 

(IC  -  8  A,  Vc|amo  =  300  Vdc, 

lB1  =  1.6  A,  VBE(off|  -  5  Vdc.  TC  =  100°C) 

<sv 

0.92 

tf« 

CroMOver  Time 

lc 

0.12 

0, 

MS 
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FIGURE  1  -  FORWARD  BIAS  SAFE 
OPERATING  AREA 


FIGURE  2  -  REVERSE  BIAS  SWITCHING  SAFE 
OPERATING  AREA 


C  <  100° 
61=2.5/ 

C 

I 

Mil 

■9 

w  - 

.MJE1301 

8*- 

^^UE 1 3009 

— 

=4= 

5  V 
3  V 
L5\ 

VCE.  COLLECTOR  -  EMITTER  VOLTAGE  (VOLTS)  VCEV.  COLLECTOR-EMITTER  CLAMP  VOLTAGE  (VOLTS) 

The  Safe  Operating  Area  figures  shown  in  Figures  1  and  2  are  specified  ratings  for  these  devices  under  the  test  conditions  shown. 


FIGURE  3  -  FORWARD  BIAS  POWER  DERATING 


60  80  100  120 

Tc.  CASE  TEMPERATURE  (°C> 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Irj-VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  1  is  based  on  Tc  =  25°C;  Tj(p|<) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tc  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  1  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  3. 

Tj(pk)  maV  De  calculated  from  the  data  in  Figure  4. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 

Use  of  reverse  biased  safe  operating  area  data  (Figure  21 
is  discussed  in  the  applications  information  section. 


FIGURE  4  -  TYPICAL  THERMAL  RESPONSE  [ZgJCM] 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


REVERSE  BIAS  SAFE  OPERATING  AREA  AND  INDUCTIVE  SWITCHING 


RESISTIVE 
SWITCHING 


Duty  Cycle  <  1  0%  L 
tr.  t|<10m 


PW  and  Vcc  Ad|usted  for  Desired  lc 
Rg  Adjusted  for  Desired  lB1 


clemp 

Selected  for  >  1  kV 


vBE(off) 


H  (0 


Coil  Data: 

Ferroxcube  Core  #6656 

Full  Bobbin  (-16  Turns)  #16 


GAP  for  200  *iH/20A 
Lcojl  =  200  MH 


VCC  =  20  v 


VCC  «  125  V 
Rc  =  15  Jl 

D1  -  1N5820  or  Equiv 
RB  =  5.6  n 


tf  Clamped 


OUTPUT  WAVEFORMS 


^/  tf  Undamped  ^  \2 


\\  Adiusted  to 
Obtam  \q 

L-coil  <  'CM  ) 
Lcoil  (|CM  1 

l2*-dj  

vdamp 


Test  Equipment 
Scope  -  Tektronix 
475  or  Equivalent 


-1  25  mi 


tf    t(  <  10  ns 
Duty  Cycle  =  1  0\ 
Rg  ano  Rc  adjusted 
lor  desired  I B  and  lr 


APPLICATIONS  INFORMATION  FOR  SWITCHMODE  SPECIFICATIONS 


INTRODUCTION 

The  primary  considerations  when  selecting  a  power 
transistor  for  SWITCHMODE  applications  are  voltage 
and  current  ratings,  switching  speed,  and  energy  handling 
capability.  In  this  section,  these  specifications  will  be 
discussed  and  related  to  the  circuit  examples  illustrated 
in  Table  2.0) 


VOLTAGE  REQUIREMENTS 

Both  blocking  voltage  and  sustaining  voltage  are 
important  in  SWITCHMODE  applications. 

Circuits  B  and  C  in  Table  2  illustrate  applications 
that  require  high  blocking  voltage  capability.  In  both 
circuits  the  switching  transistor  is  subjected  to  voltages 
substantially  higher  than  Vcc  a*ter  the  device  is  com- 
pletely off  (see  load  line  diagrams  at  Iq  =  'leakage  *  0 
in  Table  2).  The  blocking  capability  at  this  point  depends 
on  the  base  to  emitter  conditions  and  the  device  junction 
temperature.  Since  the  highest  device  capability  occurs 
when  the  base  to  emitter  junction  is  reverse  biased 
(VCEV).   'his   is  the   recommended   and  specified  use 

(11  For  detailed  information  on  specific  switching  applications, 
see  Motorola  Application  Notes  An-719,  AN-737A,  AN-752, 
AN -767. 


condition.  Maximum  IcEV  at  rated  VcEV  is  specified 
at  a  relatively  low  reverse  bias  (1.5  Volts)  both  at  25°C 
and  100°C.  Increasing  the  reverse  bias  will  give  some 
improvement  in  device  blocking  capability. 

The  sustaining  or  active  region  voltage  requirements 
in  switching  applications  occur  during  turn  on  and  turn 
off.  If  the  load  contains  a  significant  capacitive  component, 
high  current  and  voltage  can  exist  simultaneously  during 
turn-on  and  the  pulsed  forward  bias  SOA  curves  (Fig- 
ure 1)  are  the  proper  design  limits 

For  inductive  loads,  high  voltage  and  current  must  be 
sustained  simultaneously  during  turn-off,  in  most  cases, 
with  the  base  to  emitter  junction  reverse  biased.  Under 
these  conditions  the  collector  voltage  must  be  held  to  a 
safe  level  at  or  below  a  specific  value  of  collector  current. 
This  can  be  accomplished  by  several  means  such  as  active 
clamping,  RC  snubbing,  load  line  shaping,  etc.  The  safe 
level  for  these  devices  is  specified  as  a  Reverse  Bias  Safe 
Operating  Area  (Figure  2)  which  represents  voltage- 
current  conditions  that  can  be  sustained  during  reverse 
biased  turn-off.  This  rating  is  verified  under  clamped 
conditions  so  that  the  device  is  never  subjected  to  an 
avalanche  mode. 

In  the  four  application  examples  (Table  2)  load  lines 
are  shown  in  relation  to  the  pulsed  forward  and  reverse 
biased  SOA  curves. 
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VOLTAGE  REQUIREMENTS  (continued) 

In  circuits  A  and  D,  inductive  reactance  is  clamped  by 
the  diodes  shown.  In  circuits  B  and  C  the  voltage  is 
clamped  by  the  output  rectifiers,  however,  the  voltage 
induced  in  the  primary  leakage  inductance  is  not  clamped 
by  these  diodes  and  could  be  large  enough  to  destroy  the 
device.  A  snubber  network  or  an  additional  clamp  may 
be  required  to  keep  the  turn-off  load  line  within  the 
Reverse  Bias  SOA  curve. 

Load  lines  that  fall  within  the  pulsed  forward  biased 
SOA  curve  during  turn-on  and  within  the  reverse  bias 
SOA  curve  during  turn-off  are  considered  safe,  with  the 
following  assumptions: 


handling  capability  and  low  saturation  voltage.  On  this 
data  sheet,  these  parameters  have  been  specified  at  8 
amperes  which  represents  typical  design  conditions  for 
these  devices.  The  current  drive  requirements  are  usually 
dictated  by  the  VcE(sat)  specification  because  the  maxi- 
mum saturation  voltage  is  specified  at  a  forced  gain 
condition  which  must  be  duplicated  or  exceeded  in  the 
application  to  control  the  saturation  voltage. 


(II     The  device  thermal  limitations  are  not  exceeded. 

(2)  The  turn-on  time  does  not  exceed  10  us  (see  stan 
dard  pulsed  forward  SOA  curves  in  Figure  1). 

(3)  The  base  drive  conditions  are  within  the  specified 
limits  shown  on  the  Reverse  Bias  SOA  curve 
(Figure  2). 

CURRENT  REQUIREMENTS 

An  efficient  switching  transistor  must  operate  at  the 
required  current  level  with  good  fall  time,  high  energy 


SWITCHING  REQUIREMENTS 

In  many  switching  applications,  a  major  portion  of  the 
transistor  power  dissipation  occurs  during  the  fall  time 
(tf|).  For  this  reason  considerable  effort  is  usually  devoted 
to  reducing  the  fall  time.  The  recommended  way  to 
accomplish  this  is  to  reverse  bias  the  base-emitter  junction 
during  turn-off.  The  reverse  biased  switching  character- 
istics for  inductive  loads  are  discussed  in  Figure  11  and 
Table  3  and  resistive  loads  in  Figures  13  and  14.  Usually 
the  inductive  load  component  will  be  the  dominant 
factor  in  SWITCHMODE  applications  and  the  inductive 
switching  data  will  more  closely  represent  the  device 
performance  in  actual  application.  The  inductive  switch 
ing  characteristics  are  derived  from  the  same  circuit  used 
to  specify  the  reverse  biased  SOA  curves,  (See  Table  11 
providing  correlation  between  test  procedures  and  actual 
use  conditions. 

RESISTIVE  SWITCHING  PERFORMANCE 


FIGURE  11  -  TURN-ON  TIME 


FIGURE  12  -  TURN-OFF  TIME 


IC.  COLLECTOR  CURRENT  (AMP) 


0.5    0.7      1  2  5  7 

IC.  COLLECTOR  CURRENT  (AMP) 


FIGURE  13  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


FIGURE  14  -  TYPICAL  INDUCTIVE  SWITCHING  WAVEFORMS 
(at  300  V  and  12  A  with  lB1  =  2.4  A  and  VBE<o(f]  =  5  V) 
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TABLE  2  -  APPLICATIONS  EXAMPLES  OF  SWITCHING  CIRCUITS 


CIRCUIT 


LOAD  LINE  DIAGRAMS 





TIME  DIAGRAMS 

 ' 





SERIES  SWITCHING 
REGULATOR 


-\  Turn-On  {Forward  Bias)  SOA 
^  ton<  10  us 


i 100°C 


Duty  Cycle  <  10% 
\     PD  .  4000  W@ 


vCc 


Turn-Off  (Reverse  Bias)  SOA 

5VSV8E(off|<9.0V 
Outy  Cycle  4  10% 


lr  ton     L  'off 

-I  L-  t 


VCC  400  V  ©        700  V© 
Collector  Voltage 


Notes: 

(1)  M JE  13009  Voltage  Ratings  ( VceO(sus)  and  VCE  V*  are  sh°wn 
MJE13008  Ratings  are  100  V  Lower. 

(2)  See  AN-569  for  Pulse  Power  Derating  Procedure. 


RINGING  CHOKE 
INVERTER 


24A  - 


t: 


»'  t  ° 

 I — o 


Turn-On  (Forward  Bias)  SOA 
to„<10us 
v  Duty  Cycle  <  10% 

.  TC  -  100°C  -A  PD  "  4000  w  © 

350  V 

Turn-Off  (  Reverse  Bias)  SOA 


N  " 


/  1.5  V<VBE(o„|<  9.0  V 
1         Duty  Cycle  <  10% 


|VCC  ♦  N(V„) 
+  Leakage  | 
Spike 


'400  V©"'""      700  V© 

*cc  +  nTv0,  c„Voltag. 

Notes: 

©  MJE  13009  Voltage  Ratings  IVCEO(sus)  and  vcevI  are  shown. 

MJE13008  Ratings  are  100  V  Lower. 
(5)  See  AN-569  For  Pulse  Power  Derating  Procedure 


NIV-I 


— |Vcc 


PUSH-PULL 

INVERTER/CONVERTER 


^Turn-On  (Forward  Bias)  SOA 
•on  <  10us 
Duty  Cycle  <  10% 


Tc  -  100°C  - 

!  \ 
3      12A  i- 


v  PD  »  4000  w(?) 

350  V      Turn-off  (Reverse  Bias)  SOA 
1.5  V  <  VBE(of,j  4  9.0  V 
Turn-On  \  Dutv  Cycle  <  10% 


vCc  -*oo  V  (J) 

Collector  Voltage 

Otes: 

(J)  MJE13009  Voltage  Ratings  (VCEO(sus)  and  VCEV)  are  shown, 

MJE13008  Ratings  are  100  V  Lower. 
©  See  AN-569  for  Pulse  Power  Derating  Procedure. 


vCc  n  /  ' 

hvcc   U  L 

 A  1  N 


SOLENOID  DRIVER 


TC  -  100' 

I  \ 
5      12A — i- 


Turn  On  (Forward  Bias)  SOA 
40^'  ton  <  10  (is 
v  Duty  Cycle  ^  10% 

(Oc       „  \  PD  =  4000  W  (2) 


Turn -Off 
Turn-On 


.350  V 
I 


Turn  Off  (Reverse  Bias)  SOA 

1.5  V<VBE(o(1|<  9.0  V 
Duty  Cycle  <  10% 


( 

'on 

+  VCC    400  V  0  700  V  Q) 

Notes:  Collector  Voltege 

©  MJE13009  Voltage  Ratings  (VcEO(sus)  and  VCEV*  are  shown 

MJE13008  Ratings  are  100  V  Lower. 
(5)  See  AN-569  for  Pulse  Power  Derating  Procedure. 
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TABLE  3  -  TYPICAL  INDUCTIVE  SWITCHING  PERFORMANCE 


ic 

TC 

•» 

<rv 
ns 

<«i 

<ti 

«c 

AMP 

°C 

ns 

ns 

ns 

ns 

3 

25 

770 

100 

150 

200 

240 

100 

1000 

230 

160 

200 

320 

5 

25 
100 

630 
820 

72 
100 

26 
55 

10 
30 

100 
180 

8 

25 
100 

720 
920 

55 
70 

27 
50 

2 
8 

77 
120 

12 

25 
100 

640 
800 

20 

17 

2 

41 
54 

NOTE :  All  Data  recorded  in  th 

e  inductiv 

.Switch.* 

.Circuit 

n  Table  1. 

SWITCHING  TIME  NOTES 


In  resistive  switching  circuits,  rise,  fall,  and  storage  times 
have  been  defined  and  apply  to  both  current  and  voltage 
waveforms  since  they  are  in  phase.  However,  for  inductive 
loads  which  are  common  to  SWITCHMODE  power 
supplies  and  hammer  drivers,  current  and  voltage  wave- 
forms are  not  in  phase.  Therefore,  separate  measurements 
must  be  made  on  each  waveform  to  determine  the  total 
switching  time.  For  this  reason,  the  following  new  terms 
have  been  defined. 

tsu  =  Voltage  Storage  Time,  90%  I[J1  to  10%  Vqem 

try  =  Voltage  Rise  Time,  10-90%  VcEM 

tf|  =  Current  Fall  Time,  90-10%  Icm 

ttj  =  Current  Tail,  10-2%  Icm 

tc  =  Crossover  Time,  10%  Vqem  t0  10%  'CM 
An  enlarged  portion  of  the  turn-off  waveforms  is  shown  in 
Figure  13  to  aid  in  the  visual  identity  of  these  terms. 


For  the  designer,  there  is  minimal  switching  loss  during 
storage  time  and  the  predominant  switching  power  losses 
occur  during  the  crossover  interval  and  can  be  obtained 
using  the  standard  equation  from  AN-222: 

PSWT=  1/2VCclc(tcM 
Typical   inductive  switching  waveforms  are  shown  in 
Figure  14.   In  general,  trv  +  tf,  -  tc.  However,  at  lower 
test  currents  this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  2b°C  and  has  become  a  benchmark 
for  designers.  However,  for  designers  of  high  frequency 
converter  circuits,  the  user  oriented  specifications  which 
make  this  a  "SWITCHMODE"  transistor  are  the  inductive 
switching  speeds  (tc  and  tsv)  which  are  guaranteed  at 
100°C. 
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Designer's  Data  Sheet 


SWITCHMODE  il  SERIES 
ANS 


NPN  SILICON  POWER  TRANSISTORS 

The  MJE1 3070  and  MJE1 3071  transistors  are  designed  for  high- 
voltage,  high-speed,  powers 
time  is  critical.  They  are  partici 
mode  applications  such  as: 

•  Switching  Regulators 

•  Inverters 

•  Solenoid  and  Relay  Drivers 

•  Motor  Controls 

•  Deflection  Circuits 

Fast  Turn-Off  Times 

100  ns  Inductive  Fall  Time  @  25°C  (Typ) 
150  ns  Inductive  Crossover  Time  @  25°C  (Typ) 
400  ns  Inductive  Storage  Time  <g>  25°C  (Typ) 

Operating  Temperature  Range  -65  to  +150°C 

100°C  Performance  Specified  for: 

Reverse-Biased  SOA  with  Inductive  Loads 
Switching  Times  with  Inductive  Loads 
Saturation  Voltages 
Leakage  Currents 


S  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

400  AND  450  VOLTS 
80  WATTS 


MAXIMUM  RATINGS 

Rating 

Symbol 

MJE13070 

MJE13071 

Unit 

Collector-Emitter  Voltage 

VcEO(sus) 

400 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

650 

750 

Vdc 

Emitter  Base  Voltage 

VEB 

60 

Vdc 

Collector  Current  —  Continuous 
—  Peakd) 

ic 

'CM 

5  0 
80 

Adc 

Base  Current  —  Continuous 
-  Peakd) 

IB 
IBM 

2  0 
4.0 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 
@  TC  =  1O0°C 

Derate  above  25°C 

Po 

80 
32 
0.64 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ-  Tstg 

-65  to +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R«JC 

1.56 

°C/W 

Maximum  Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for  5  Seconds 

tL 

275 

°C 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  s!  10% 

Designer's  Data  for 
"Worst  Case"  Conditions 

The  Designer's  Data  Sheet  permits 
the  design  of  most  circuits  entirelyfrom 
the  information  presented  Limit  data 
—  representing  device  characteristics 
boundaries  —  are  given  lo  facilitate 
"worst  case"  design 


J  \~ — R 


STYLE  1 

PIN  1  BASE  NOTES 

2  COLLECTOR       '  DIMENSION  H  APPLIES  TO  ALL  LEADS 

3  EMITTER  2  DIMENSION  L  APPLIES  TO  LEADS  1 

4  COLLECTOR 


ANO  3 


DIM 

MILLIMETERS 

INCHES 

Mill 

MAX 

MIN 

MAX 

A 

14  60 

15  75 

0  576 

0  620 

B 

9  65 

10  29 

0  380 

0  405 

C    I  408 

4  82 

0  160 

0  190 

D    <    0  64      0  89 

0  025 

0  035 

F       3  61  ]  3.73 

0  142 

0  147 

G 

2  41 

2  67 

0  09b 

0  105 

H 

2.79 

3.93 

0  110 

0  155 

J 

0.36 

056 

0014 

0  022 

K 

12  70 

1427 

0  500 

0  562 

t 

1  14 

1  39 

0045 

0  055 

H 

483 

5  33 

0  190 

0210 

a 

254 

3  04    0  100 

0  120 

R 

2  04 

2  79 

0080 

o  no 

S 

114 

1  39 

0  045 

0  055 

T 

5.97 

648 

0  235 

0.255 

U 

000 

1  27 

0.000 

0  050 

V 

114 

0  045 

z 

2  03 

0  080 

CASE  221  A-02 
TO  220AB 
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ELECTRICAL  CHARACTERISTICS  |TC  =  25°C  unless  otherwise  notedl  

Characteristic  |     Symbol     |     Min  Typ  Max  Unit 


OFF  CHARACTERISTICS  (1) 


Collector-Emitter  Sustaining  Voltage  (Table  1 ) 
(lc  =  100  mA.  IB  =  0)  MJE13070 

MJE13071 

VCEOIsus) 

400 
460 

Vdc 

Collector  Cutoff  Current 
|VCf£v  =  Rated  Value.  VBE(off)  =  1  5  Vdcl 
(VCEV  =  Rated  Value.  VrjEioff)  =  1  5  Vdc.  Tc  =  100°C| 

'CEV 

0  5 
2  5 

mAdc 

Collector  Cutoff  Current 
(Vce  =  Rated  VcEv.  RB£  =  50  !!.  Tj  =  1 00°C) 

'CER 

30 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc.  IC  =  0) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

>S/b 

See  Figure  1  2 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  13 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 
dC  =  3.0  Adc.  VjE  =50  Vdc 

nFE 

80 

Collector-Emitter  Saturation  Voltage 
(lc=  3.0  Adc.  lB  =  06Adc) 
dC=  5.0  Adc,  lB=  1.0  Adc) 
(lC  =  3.0  Adc,  lB  =  0  6  Adc,  Tc  =  1 00°C) 

vCE(sat) 

bob 

Vdc 

Base-Emitter  Saturation  Voltage 
(lC  =  3.0  Adc.  IB  =  0  6  Add 
dC  =  3  0  Adc.  IB  =  0  6  Adc,  TC  =  1 00°C) 

vBEIsat) 

15 
15 

Vdc 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 
(VCB  =  10  Vdc,  lE  =  0,  fles,  =  10  kHz) 

C0b 

250 

pF 

SWITCHING  CHARACTERISTICS 


Resistive  Load  (Table  1 ) 

Delay  Time 

(VCC  =  250  Vdc,  lc  =  3,0  Adc, 

lBi  =  0  4  Adc.  tp  =  30  (is. 

Duty  Cycle  sS2%,  VBE(oH1  =  5  0  Vdc) 

'd 

0.03 

0.05 

— "-f\  i 

Rise  Time 

'r 

0  10 

0.40 

Storage  Time 

's 

0  40 

1  50 

Fall  Time 

if 

0  175 

0  50 

Inductive  Load.  Clamped  (Table  1 ) 

Storage  Time 

HC(pk)  =  3  0  A. 
IB1  =  0  4  Adc. 

VBE(off)  =  5  0  Vd= 
VcE|pk)=  250V| 

(Tj  =  100-C) 

<SV 

0  70 

2  0 

It* 

Crossover  Time 

'c 

0  28 

0  50 

Fall  Time 

Ifi 

0  15 

0.30 

Storage  Time 

(Tj  =  25°C) 

>SV 

0  40 

Crossover  Time 

'c 

0  1  5 

Fall  Time 

Ifi 

0  10 

(1)  Pulse  Tesi    PW    300  *iS.  Duty  Cycle  ^2%, 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  1  -  DC  CURRENT  GAIN 
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FIGURE  2  -  COLLECTOR  SATURATION  REGION 
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FIGURE  3  -  COLLECTOR-EMITTER 
SATURATION  VOLTAGE 


FIGURE  4  -  BASE-EMITTER  VOLTAGE 
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FIGURE  5  -  COLLECTOR  CUTOFF  REGION 
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FIGURE  6  -  CAPACITANCE 
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TABLE  1  -  TEST  CONDITIONS  FOR  DYNAMIC  PERFORMANCE 


vCEO(sus) 


RBSOA  AND  INDUCTIVE  SWITCHING 


RESISTIVE  SWITCHING 


2t 

zo 


♦  10  V  > — VA  ftv4  O  1 


HP  214 
or  Equiv 
PG 


2T 


PW  Varied  IO  Attain 
lc  =  lOO  mA 


20 

it  10 


0  02  itf  ioo 


^  0  02„F 
1  0  (if 


 ©' 

■'■«B2  A 


TURN  ON  TIME 
i  ■  o  1 


r 


500 


Igi  a«;uited  to 
obtain  tha  torceo 
h  f  (£  iJosirad 
TURN  OFF  TIME 
Jw  inductive  »witching 
driver  ai  the  input  to 
the  ramtive  last  circuit 


Adjust  R b  1  To  obtain  I  B  i 

For  switching  and  RBgOA'  R2  =  0 

For  BVCEO(sus),  R2  =  ~ 


I- to 

SE< 


Vcamp     250  V 

Rcj-|  adjusted  to  attain  desired  lg  ^ 


Vcc    250  V 
RL    83  !! 

Pulse  Width  =  10  «s 


INDUCTIVE  TEST  CIRCUIT 


OUTPUT  WAVEFORMS 


RESISTIVE  TEST  CIRCUIT 


VCC 
WcDk> 


Tail  Equipmtnl 

Scope  -  TeAtronix 
475  or  Equivalent 
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SWITCHING  TIMES  NOTE 


In  resistive  switching  circuits,  rise,  fall,  and  storage 
times  have  been  defined  and  apply  to  both  current  and 
voltage  waveforms  since  they  are  in  phase.  However, 
for  inductive  loads  which  are  common  to  SWITCHMODE 
power  supplies  and  hammer  drivers,  current  and  voltage 
waveforms  are  not  in  phase.  Therefore,  separate  measure- 
ments must  be  made  on  each  waveform  to  determine 
the  total  switching  time.  For  this  reason,  the  following 
new  terms  have  been  defined. 

tsv  =  Voltage  Storage  Time.  90%  Ibi  to  10%  Vc|amp 

trv  =  Voltage  Rise  Time,  10-90%  Vclamp 

tfj  »  Current  Fall  Time,  90-10%  Iq 

ttj  =  Current  Tail,  10-2%  lc 

tc  =  Crossover  Time,  10%  Vc|3mp  to  10%  lc 
An  enlarged  portion  of  the  inductive  switching  waveforms 


is  shown  in  Figure  7  to  aid  in  the  visual  identity  of  these 
terms. 

For  the  designer,  there  is  minimal  switching  loss 
during  storage  time  and  the  predominant  switching 
power  losses  occur  during  the  crossover  interval  and 
can  be  obtained  using  the  standard  equation  from  AN  222: 

PSWT=  1/2  Vcclc(tclf 
In  general,  trv  +  tfj  t»  tc.  However,  at  lower  test  currents 
this  relationship  may  not  be  valid. 

As  is  common  with  most  switching  transistors,  resistive 
switching  is  specified  at  25°C  and  has  become  a  bench 
mark  for  designers.*  However,  for  designers  of  high 
frequency  converter  circuits,  the  user  oriented  specifica- 
tions which  make  this  a  "SWITCHMODE"  transistor  are 
the  inductive  switching  speeds  (tc  and  tsv)  which  are 
guaranteed  at  100°C. 


INDUCTIVE  SWITCHING 


FIGURE  9  -  STORAGE  TIME 


FIGURE  10  -  CROSSOVER  AND  FALL  TIMES 
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FIGURE  1 1  -  THERMAL  RESPONSE 
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M 





The  Safe  Operating  Area  figures  shown  in  Figure*  12  end  13  are 
•pacified  for  these  devices  under  the  test  conditions  shown. 


FIGURE  12  -  MAXIMUM  FORWARD  BIAS 
SAFE  OPERATING  AREA 


 Bonding  Wire  Limit 

-Thermal  Limit 
0-02 1 — \  Second  Breakdown  Limit 
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FIGURE  13  -  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPERATING  AREA 
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SAFE  OPERATING  AREA  INFORMATION 

FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  Iq-VCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  12  is  based  on  TC  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  12  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve 
on  Figure  14. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  11. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  second  breakdown. 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneously  during  turn-off,  in 
most  cases,  with  the  base  to  emitter  junction  reverse 
biased.  Under  these  conditions  the  collector  voltage 
must  be  held  to  a  safe  level  at  or  below  a  specific  value  of 
collector  current.  This  can  be  accomplished  by  several 
means  such  as  active  clamping,  RC  snubbing,  load  line 
shaping,  etc.  The  safe  level  for  these  devices  is  specified 
as  Reverse  Bias  Safe  Operating  Area  and  represents  the 
voltage-current  conditions  during  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
13  gives  RBSOA  characteristics. 


FIGURE  14  -  POWER  DERATING 
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NPN  PNP 

MJE15028  MJE15029 

MJE15030  MJE15031  (g)  MOrOROLA 


COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTORS 

.  .  .  designed  for  use  as  high-frequency  drivers  in  audio  amplifiers. 

•  DC  Current  Gain  Specified  to  4.0  Amperes 

hFE  =  40(Min)  @  lc  =  3.0  Adc 
=  20(Min)  @  lc  =  4.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  — 

VcEO(sus)  f  12°  vdc  (Min)  -  MJE15028,  MJE15029 
=  150  Vdc  (Min)  -  MJE15030,  MJE15031 

•  High  Current  Gain  —  Bandwidth  Product 

fj  =  30  MHz  (Min)  <9>  lc  =  500  mAdc 

•  TO-220AB  Compact  Package 

•  TO-66  Leadform  Also  Available 


8  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 


120-150  VOLTS 
50  WATTS 


MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
 -  Peak 


Base  Current 


Total  Power  Dissipation 
@  TC  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation 
@  TA  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


vCEO 


VCB 


VEB 


pd 


Pd 


TJ.Tstg 


MJE15028 
MJE15029 


MJ El 5030 
MJE15031 


-8.0- 
-16- 


 2.0— 

 0.016- 


THERMAL  CHARACTERISTICS 


--65  to  +150- 



Watts 
W/°C 


Watts 
W/°C 


Characteristic 


Thermal  Resistance,  Junction  to  Case 


Thermal  Resistance,  Junction  to  Ambient 



Symbol 


R8JC 


"9JA 


625 


°C/W 


°c/w 


Tatc 

FIGURE  1  -  POWER  DERATING 

TTSl 

3  0  60 

-3 

3 
z 

PA  tIC 

2.0  40 

§ 

a 

oc 

i 

o 
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!  SECT  A  A 


Uj 


STYLE  I: 
PIN  1  BASE 
2.  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


D— ~ 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

15  75 

0  575 

0  620 

B 

9  65 

1029 

0  380 

0  405 

C 

4  06 

4  82 

0  160 

0  190 

0 

0  64 

089 

0025 

0035 

F 

361 

3  73 

0  142 

0  147 

6 

241 

2  67 

0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  155 

J 

0  36 

0  56 

0014 

0  022 

K 

12  70 

1427 

0  500 

0  582 

L 

114 

1  39 

0  045 

0  D55 

N 

4  83 

5  33 

0  190 

0  210 

0 

2  54 

3  04 

0  100 

0  120 

R 

2.04 

2  79 

0.080 

0  110 

S 

1.14 

1.39 

0.045 

0  055 

T 

597 

648 

0  235 

0  255 

u 

0.00 

1  27 

0  000 

0  050 

V 

1  14 

0  045 

z 

2  33 

0  080 

CASE  221  A  02 
TO-220AB 
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ELECTRICAL  CHARACTERISTICS  ITC  -  25°C  unless  otherwise  noted)  

Characteristic  [        Symbol  Min  Ma»  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  VoltBge^) 

(lc  =  10  mAdc,  B  =  01                              MJE15028.  MJE15029 

MJE15030.  MJE15031 

vCEOIsus) 

120 
150 

Vdc 



Collector  Cutoff  Current 

(VCE  =  120  Vdc,  lB  <  01                            MJE15028.  MJE 15029 
<VCE  =  150  Vdc,  lB  =  0)                               MJE15030.  MJE15031 

ICEO 

0  1 

0.1 

mAdc 

Collector  Cutoff  Current 

(VCB  =  120  Vdc,  l£  -  01                            MJE15028,  MJE15029 
IVCB  -  150  Vdc]  lE  =  01                            MJE15030,  MJE15031 

ICBO 



10 
10 

*iAdc 

Emitter  Cutoff  Current 
(VgE  -  5.0  Vdc,  lc  "  01 

 ;  

'EBO 

10 

MAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(lc  =  $.1  Adc,  VCE  -  2.0  Vdc) 
llc  =fe-0  Adc,  VCE  -  2.0  Vdcl 
llc  -  3.0  Adc.  VCE  -  2.0  Vdcl 
(lc  -  4,0  Adc.  VCE  -  2.0  Vdcl 

"FE 

40 
40 
40 
20 

DC  Current  Gain  Linearity 

(VCe  From  2.0V  to  20V,  lc  From  0.1  A  to  3AI 
(NPN  TO  PNP) 

"FE 

Typ 

2 
3 

Collector  Emitter  Saturation  Voltage 
<lc  "  1-0  Adc,  lB  =  0.1  Add 

vCE(satl 

OS 

Vdc 

Base-Emitter  On  Voltage 

lie  "  10  Adc.  VCe  =  2.0  Vdcl 

vBE(onl 

1.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product  (21 

llc  •  500  mAdc,  VCE  =  10  Vdc.  f,est  -  10  MHz) 

<T 

30 

MHz 

IDPulseTest    Pulse  Width  <  300  ps.  Duty  Cycle  «  2  0V 


(2»fT.  :h(e    •  f,es, 
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FIGURE  3  -  FORWARD  BIAS 
SAFE  OPERATING  AREA 


5.0  10  20  50  120  150 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IV0LTSI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  —  Vqe  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation,  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  3  and  4  is  based  on  Tj(pk)  =  150°C;  Tq  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(p)()  <  150°C.  Tj(pk) 
may  be  calculated  from  the  data  in  Figure  2.  At  high  case  tempera- 
tures, thermal  limitations  will  reduce  the  power  that  can  be  handled 
to  values  less  than  the  limitations  imposed  by  second  breakdown. 


o  3.0 
°  2.0 


FIGURE  4  -  REVERSE-BIAS  SWITCHING 
SAFE  OPERATING  AREA 
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FIGURE  5  -  CAPACITANCES 
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FIGURE  6  -  SMALL-SIGNAL  CURRENT  GAIN 


FIGURE  7  -  CURRENT  GAIN-BANDWIDTH  PRODUCT 
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FIGURE  8  -  DC  CURRENT  GAIN 
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FIGURE  9  -  "ON"  VOLTAGE 
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FIGURE  10  -  TURN-ON  TIMES 


FIGURE  11  -  TURN-OFF  TIMES 
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Designer's  Data  Sheet 


SWITCHMODE  III  SERIES 
NPN  SILICON  POWER  TRANSISTORS 

These  transistors  are  designed  for  high -voltage,  high  speed 
switching  of  inductive  circuits  where  fall  time  and  RBSOA  are 
critical.  They  are  particularly  well-suited  for  line-operated  switch- 
mode  applications. 

The  MJE16004  and  MJH16004  are  high-gain  versions  of  the 
MJE16002  and  MJH16002  for  applications  where  drive  current 
is  limited. 

Typical  Applications: 

•  Switching  Regulators 

•  High  Resolution  Deflection  Circuits 

•  Inverters 

•  Motor  Drives 

•  Fast  Switching  Speeds 

50  ns  Inductive  Fall  Time  @  75°C  (Typ) 
70  ns  Crossover  Time  @  75°C  (Typ) 

•  100°C  Performance  Specified  for: 

Reverse-Biased  SOA 
Inductive  Switching  Times 
Saturation  Voltages 
Leakage  Currents 


5.0  AMPERE 

NPN  SILICON 
POWER  TRANSISTORS 

4S0  VOLTS 
80  and  1 00  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

MJE16002 
MJE16004 

MJH16002 
MJH16004 

Unit 

Collector-Emitter  Voltage 

vCEO(sus) 

450 

Vdc 

Collector-Emitter  Voltage 

VCEV 

850 

Vdc 

Emitter-Base  Voltage 

VEB 

6.0 

Vdc 

Collector  Current  —  Continuous 
—  PeakO) 

ic 

ICM 

5.0 
10 

Adc 

Base  Current  —  Continuous 
—  PeakO) 

>B 
IBM 

4.0 
8.0 

Adc 

Total  Power  Dissipation  @  Tq  =  25°C 
@>TC=  100°C 
Derate  above  Tc  =  25°C 

PD 

80 
32 
0.64 

100 
40 
08 

Watts 

W/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.  Tstg 

-65  to  tl  50 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"ejc 

1.56  125 

°C/W 

Lead  Temperature  for  Soldering 
Purposes:  1  /8"  from  Case  for 
5  Seconds 

tl 

275 

°c 

MJE16002 
MJ El 6004 


I  BASE 

2.  COLLECTOR 

3.  EMITTER 


s 

r 

—  c 

r 

I 

— T 

T" 

K 

j  SIC1  A 

- —  R 

f 

—  B 

1 

F 

Q 

7 

r 

I 

D— 

s 

.- 

J  N 

-  G 

MILLIMITERS 


CASE  221A-02 
TO-220AB 


DIM 

M  IN 

MAX 

MID 

MAX 

A    ■  14  60 

15  75 

0  575 
D  380 

C  620 
6  405 

B 

9  65 

IB  79 

C 

4  06 

4  H2 

D  160 

II  190 

D 

0  64 

0  B9 

0  025  1  ii  ii  i' 

F 

361 

3  73 

0  147 

0  14  1 

G 

241 

76! 
.193 

0  095 

a  105 

H 

7  79 

0  110 

0  155 

J 

0  36 

0  56 

001  ■ 

0  027 

K 

12  70 

14  7) 

C  500 

0  562 

L 

1  14 

1  39 

0  045 

0  055 

: 

4  B3 

5  33 

D190    0  210 

KM 

3  04 

0  100    0  120 

r 

7  04 

2  79 

0  080 

0  Hi) 

s 

1  14 

!  39 

0  04  5 

0  [155 

r 

597 

6  48 

0  235 

U?5i; 

u 

0  DO 

1  77 

.  aon 

0  050 

V 

1  14 

0  045 

z 

7  03 

0  080 

(1)  Pulse  Test:  Pulse  Width  =  5  ms.  Duty  Cycle  €  10%. 


Designer's  Data  for  "Worst  Case''  Conditions 

The  Designer's  Data  Sheet  permits  the  design  of  most  circuits  entirely  from  the  infor- 
mation presented  Limit  data  —  representing  device  characteristics  boundaries  —  are 
to  facilitate  "worst  case''  design. 

 . 


MJH16002 
MJH 16004 


STYLE  I: 
I.  BASE 
7  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


CASE  340-01 
TO-218AC 





DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.37 

71  08 

0  800 

D.830 

I 

15.49 

15.90 

0610 

0J326 

c 

4.19 

5.08 

0.165 

0.200 

G 

102 

1.65 

UM 

0  065 

E 

1.35 

1.65 

0  053 

0.065 

B 

5.21 

5.72 

0  70!, 

0.775 

H 

2.41 

3.20 

o  o^s 

0.176 

J 

0.3B 

0.64 

0015 

0025 
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MJE16002,  MJE16004,  MJH16002,  MJH16004 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Uni, 

OFF  CHARACTERISTICS  (1) 

Collector-Emitter  Sustaining  Voltage  (Table  2) 
(lc=  100  mA,  lB  =  0) 

vCEO(sus| 

450 

Vdc 

Collector  Cutoff  Current 
(VCEV  =  850  Vdc.  VBE(off)  =  1 .5  Vdc) 
(VCEV  =  850  Vdc.  VBE(oH|  =  1 .5  Vdc,  TC  =  100°C) 

'CEV 

0.25 
1.5 

mAdc 

Collector  Cutoff  Current 
|VCE  =  850  Vdc.  HBE  =  50  n,  Tc  =  100°C) 

'CER 

2.5 

mAdc 

Emitter  Cutoff  Current 
(VEB  =  6.0  Vdc,  lc  =  0) 

'EBO 

1.0 

mAdc 

SECOND  BREAKDOWN 

Second  Breakdown  Collector  Current  with  Base  Forward  Biased 

'S/b 

See  Figure  17  or  18 

Clamped  Inductive  SOA  with  Base  Reverse  Biased 

RBSOA 

See  Figure  19 

ON  CHARACTERISTICS  (11 


Collector-Emitter  Saturation  Voltage 

VcElsat) 

Vdc 

(lC  «  1 .5  Adc,  lB  =  0.2  Adc) 

MJE16002/MJH16002 

10 

(lc=1.5Adc,  lB  =  0  15Adc) 

MJE1 6004/MJH1 6004 

10 

dC  =  3.0  Adc,  lB  »  0.4  Adc) 

MJE16002/MJH 16002 

2  5 

OC  =  3.0  Adc.  IB  =  0  3  Adc) 

MJE16004/MJH16004 

2  5 

(lC  =  3.0  Adc.  IB  =  0  4  Adc. 

TC=100»C) 

MJE16002/MJH16002 

2  5 

(lC  =  3  0  Adc.  IB  =  0  3  Adc. 

TC=  100°C) 

MJE16004/MJH16004 

2.5 

Base-Emitter  Saturation  Voltage 

VBE(sat) 

Vdc 

OC  =  3.0  Adc.  IB  =  0  4  Adc) 

MJE16002/MJH16002 

15 

dC=  3.0  Adc.  IB  =  0.3  Adc) 

MJE16004/MJH16004 

1.5 

(lC  =  3.0  Adc,  lB  =  0  4  Adc, 

TC=  100°C) 

MJE16002/MJH16002 

1.5 

(lC  =  3.0  Adc.  IB  =  0.3  Adc, 

TC=  100°C) 

MJE16004/MJH16004 

15 

DC  Current  Gain 

nFE 

(lC=5.0Adc.  VCE=5.0Vdc) 

MJE16002/MJH16002 

5  0 

MJ  E 1 6004 /  MJ  H 1 6004 

7.0 

DYNAMIC  CHARACTERISTICS 


Output  Capacitance 
(VCB=  10  Vdc.  IE  =  0.  fIest=  10  kHz) 

Cob 

— 

200 

pF 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (Table  1)  MJE16002/MJH16002 

Delay  Time 

(lc  =  3.0  Adc. 
VCC  =  250  Vdc. 
IB1  =  0.4  Adc, 
PW  =  30  pis. 
Duty  Cycle  s;2.0%l 

<d 

30 

100 

ns 

Rise  Time 

(lB2  =0.8  Adc. 

<r 

100 

300 

Storage  Time 

RB2  =  8.0I1) 

's 

1000 

3000 

Fall  Time 

'f 

60 

300 

Storage  Time 

(VBE(off)=5.0Vdc) 

«s 

400 

Fall  Time 

tf 

130 

Resistive  Load  (Table  1 )  MJE16004/MJH16004 

Delay  Time 

dC  =  3.0  Adc, 
Vcc  =  250  Vdc. 
1  b  1  =  0.3  Adc. 
PW=  30^s. 
Duty  Cycle  <2.0%) 

•d 

30 

100 

ns 

Rise  Time 

(lB2  =  0  6  Adc. 

1r 

130 

300 

Storage  Time 

RB2  =  80I1) 

•s 

BOO 

2700 

Fall  Time 

<f 

80 

350 

Storage  Time 

(VBE(off)=5.0Vdc) 

•s 

250 

Fall  Time 

>f 

60 

(1 )  Pulse  Test:  PW  ■  300  „s.  Duty  Cycle  S2%. 

•*-  'C 
"  >B1 
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MJE16002,  MJE16004,  MJH16002,  MJH16004 


SWITCHING  CHARACTERISTICS  (continued) 


Characteristics 

Symbol 

Min 

TVP 

M.. 

Unit 

Inductive  Load  (Table  2)       MJE16002/MJH 16002 

Storage  Time 

«sv 

500 

1600 

ns 

Fall  Time 

(lc  =  3.0  Adc, 

(Tj=  100°C) 

If, 

100 

200 

Crossover  Time 

'B1  =  0  4  Adc- 

tc 

120 

250 

Storage  Time 

V8E(off)=50Vdc- 

tsv 

600 

Fall  Time 

VCE(pk>  =  *00Vdc) 

(Tj=  150°C| 

tf, 

120 

Crossover  Time 

<c 

160 

Inductive  Load  (Table  2}  MJE16004/MJH16004 

Storage  Time 

400 

1300 

ns 

Fall  Time 

(lC=  3.0  Adc. 

(Tj=  100°C) 

'fi 

80 

150 

Crossover  Time 

IB1  =0.3  Adc, 

lc 

90 

200 

Storage  Time 

VBE(ofO=5  0Vdc. 

'sv 

450 

Fall  Time 

VCE(pk)  =  '*00Vdc) 

(Tj=  150°C) 

tfi 

100 

F= 

Crossover  Time 

<c 

110 

(1 )  Pulse  Test:  PW  -  300  ^s.  Duty  Cycle  ^2%. 
lC 

'*"='B, 


FIGURE  1  —  DC  CURRENT  GAIN  FIGURE  2  -  COLLECTOR  SATURATION  REGION 


FIGURE  3  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE  FIGURE  4  -  BASE-EMITTER  VOLTAGE 


IC.  COLLECTOR  CURRENT  (AMPSI  lc.  COLLECTOR  CURRENT  (AMPS) 


3-1214 


MJE16002,  MJE16004.  MJH16002,  MJH16004 


TYPICAL  STATIC  CHARACTERISTICS  (continued) 


FIGURE  5  -  COLLECTOR  CUTOFF  REGION 


FIGURE  6  -  CAPACITANCE 


♦0.2  »0.4 
VBE.  BASE  EMITTER  VOLTAGE  (VOLTS) 


to  10  10 

Vr.  REVERSE  VOLTAGE  (VOLTS) 


TYPICAL 

FIGURE  7  -  STORAGE  TIME 


DAPTCDICTirC 

RACTfcRISTICS 

FIGURE  8  -  STORAGE  TIME 


FIGURE  9  -  COLLECTOR  CURRENT  FALL  TIME 


FIGURE  10  -  COLLECTOR  CURRENT  FALL  TIME 


5        0  7  10  2  0  3  0 

It  COLLECTOR  CURRENT  (AMPS) 


0  5        0  7  10  2  0  3  0 

lc.  COLLECTOR  CURRENT  (AMPS) 
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MJE16002,  MJE16004,  MJH16002.  MJH16004 


TYPICAL  DYNAMIC  CHARACTERISTICS  (continued) 
FIGURE  11  -  CROSSOVER  TIME  FIGURE  12  —  CROSSOVER  TIME 


07 


1.0  2  0  3.0 

IC.  C0UECT0R  CURRENT  (AMPS) 


1.0  2  0  3  0 

Ic.  COLLECTOR  CURRENT  (AMPS) 


TYPICAL  ELECTRICAL  CHARACTERISTICS 


FIGURE  13  -  INDUCTIVE  SWITCHING  MEASUREMENTS 


'c  P 

k 

i 

 ^VCEIpkl 

9 

JKVCEIpk)  i 

\90*'C(pkl 

-V'li  — 

7* 

ICPk  - 

'B  

91T* 

'bi 

'  ' 

T. 

r<  1 

1  1 

FIGURE  14-  PEAK  REVERSE  BASE  CURRENT 


■bi 

=  0.6  A  - 

'81 

0.3  A 

1.0  A 

Tj  = 

25°C 

*Km  REVERSE  BASE  VOLTAGE  (VOLTS) 


FIGURE  15  —  THERMAL  RESPONSE  (MJE16002  and  MJE16004) 


500         I  k 
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MJE16002,  MJE16004,  MJH16002,  MJH16004 


TYPICAL  ELECTRICAL  CHARACTERISTICS  (continued) 
FIGURE  16  -  THERMAL  RESPONSE  (MJH16002  and  MJH16004) 


RfljcW  =  Xt)  "ejc 
R0jC=  1.26°C/WMai 

Curves  Apply  lor  Power 
Pulse  Train  Shown 
Read  Time  @  ti 
TJ|pk|  "  Tc  =  P|pk|  B«JCW 


Duty  Cycle.  D  =  ti/t2 


0.02  0.03     0  05        0  I 


0  2    0.3  0.5 


20     30      50  10 
I.  TIME  (to) 


100        200    300     500        1000  2000 


SAFE  OPERATING  AREA  INFORMATION 


FIGURE  17  —  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA  (MJE1 6002  and  MJE1 6004) 


FIGURE  18  —  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA  (MJH16002  and  MJH16004) 
10f 


70    10  20     30       50    70    100  200 

VCE.  COLLECTOR-EMITTER  VOLTAGE  IV0LTS) 


5.0  7.0    10  20  50    70    100        200   300  450 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  19  —  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPERATING  AREA 


FIGURE  20  -  POWER  DERATING 


10 

£  9.0 
-  80 


S  6  0 

1  « 
u 

S  3.0 


J  1.0 


Tis!  I00°C 

M 

-VBE 

— 
olf)  = 

- 

0  TO 

'  ' 

ov  ^ 

(o«l  = 

0      100    200  500  700  850 

vC£|p«)-  pEAK  COLLECTOR-EMITTER  VOLTAGE  (VOLTSI 


60  80  100         120  140 

Tc.  CASE  TEMPERATURE  l°CI 
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MJE16002,  MJE16004,  MJH16002,  MJH16004 


i  AREA  INFORMATION 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc— Vce 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figures  1 7  and  18  are  based  on  Jq  =  25°C; 
Tj(pk) is  variable  depending  on  power  level.  Second 
breakdown  pulse  limits  are  valid  for  duty  cycles  to  10% 
but  must  be  derated  when  Tc  3*  25°C.  Second  breakdown 
limitations  do  not  derate  the  same  as  thermal  limitations. 
Allowable  current  at  the  voltages  shown  on  Figures  17 
and  18  may  be  found  at  any  case  temperature  by  using 
the  appropriate  curve  on  Figure  20. 

Tj(pk)  may  be  calculated  from  the  data  in  Figures  1 5  or 
16.  At  high  case  temperatures,  thermal  limitations  will 


reduce  the  power  that  can  be  handled  to  values  less  than 
the  limitations  imposed  by  second  breakdown. 

REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current 
must  be  sustained  simultaneous!  during  turn-off,  in  most 
cases,  with  the  base-to-emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage-cur- 
rent condition  allowable  putting  reverse  biased  turn-off. 
This  rating  is  verified  under  clamped  conditions  so  that 
the  device  is  never  subjected  to  an  avalanche  mode.  Figure 
19  gives  the  RBSOAc 


td  and  t, 


TABLE  1  -  RESISTIVE  LOAD  SWITCHING 

ov 


♦Vdc  -  1 1  Vdc 


HP  214 

or 
Equtv 
PG 

I 

50 : 

-■ 

r 

■>B 

M 

—v*- —    W     Kt  u  t        R  > 

RB=33fl  L| 
VCC  ± 


Vrr  =  250  Vdc 
RL  =  83  fl 
lC  =  3  0  Adc 
lB  «  0  3  Adc 


-  - 


*'b 


Iffl: 


vCc 


1- 


VCC  s  250  lB1  =  0.3  Adc  RB1  =  33  f» 

RL  =  83fl  lB2  =  0.6Adc  RB2  =  8  0  fl 

lC  =  3.0  Adc        For  VBg(0ff)  =  5.0  V  RB2  =  0  fl 


"Note  Adjust  -V  to  obtain  desired  vBE(o)f,  at  Point  A. 


MJE16002.  MJE16004,  MJH16002,  MJH16004 


TABLE  2  -  INDUCTIVE  LOAD  SWITCHING 


1  "  vcc 
T]  adjusted  to  obtain  iQpk) 

BVCEO 

L=  10mH 

RB2  =  ~ 
VCC  =  20  Volts 

•Tektronix 
P-6042  or 


Inductive  Switching 

L=  200 
RB2  =  0 
VCC  =  20  Volts 
Ret  selected  for  desired  Igi 

Scope  -  Tektronix 
7403  or 
Equivalent 


RBSOA 

L  =  200  „H 
So*»  =  0 
Vcc  ■  2°  Volts 
Rgl  selected  for  desired  Igi 


Note:  Adjust  -V  to  obtain  desired  Vn.ElofO  at  Point  A. 
TYPICAL  INDUCTIVE  SWITCHING  WAVEFORMS 


lqpk)  =  3.0  Amps 
Irj1  =  0.3  Amp 
vBE(off)  =  5.0  Volts 
VcE(pk)  =  300  Volts 
TC=  25°C 
Time  Base  = 
20  ns/cm 

IQpk)  =  3.0  Amps 
lB1  =  0.3  Amp 
vBEIoff)  =  5.0  Volts 
vCE(pk|  =  300  Volts 
Tc=  25°C 
Time  Base  = 
20  ns/cm 
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MPS -U  01 
MPS-U01A 


(£K)  MOTOROLA 


NPN  SILICON  ANNULAR  TRANSISTORS 

.  .  .  designed  for  complementary  symmetry  audio  circuits  to  10 
Watts  output. 

•  Low  Collector  Emitter  Saturation  Voltage  — 

vCE(sat|  =0.5Vdc(Max)@lc=  1 .0  Adc 

•  Complements  to  PNP  MPS-U51  and  MPS-U51A 

•  Uniwatt   Package  for  Excellent  Thermal  Properties  - 

1.0  Watt  @TA  =  25°C 







I  

MAXIMUM  RATINGS 

Rating 

Symbol 

MPS  U01 

MPS-U01A 

Unit 

Collector-Emitter  Voltage 

vCEO 

30 

40 

Vdc 

Col  lector- Base  Voltage 

vcs 

40 

50 

Vdc 

Emitter-Base  Voltage 

Veb 

5.0 

Vdc 

Collector  Current  -  Continuous 

c 

2.0 

Adi 

Total  Power  Dissipation  @       =  25°C 
Derate  above  25°C 

PD 

1.0 
8.0 

Walt 
mW/°C 



Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 

Pd 

10 
80 

Watts 

mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

T,Tstg 

-55 

1 

,41ft) 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R0JC 

12.5 

°c/w 

Thermal  Resistance,  Junction  to  Ambient 

125 

°c/w 

(1 J  R0JA  is  measured  with  the  device  soldered  into  a  typical  printed  circuit  board. 

Uniwatt  packages  can  be  To-5  lead  formed  by  adding  -5  to  the  device  Title  and  lab  formed  for 
flush  mounting  by  adding  -1  to  the  device  title. 

NPN  SILICON 
AUDIO  TRANSISTORS 


2.  8ASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08  BSC 

0.200  BSC 

Q 

2.39 

2.69 

0.094  1  0.106 

R 

1.14 

1.40 

0.045  |  0.055 

CASE  152-02 
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MPS-U01,MPS-U01A 


ELECTRICAL  CHARACTERISTICS  (TA    25°C  unless  otherwise  noted! 


Characteristic 


SYmbol 


1  1 


Collector-Emitter  Breakdown  Voltage  (1) 

ilC  -  lOmAdc.  IB  -  01  MPS-U01 

MPS  U01A 

BVCE0 

30 
40 

Vdc 

Collector-Base  Breakdown  Voltage 

IlC  =  lOOnAdc.  IE  =  01                                                            MPS  U01 

MPS-U01A 

BVCBO 

40 

50 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lf£  =  100  fjAdc.  Ic  =  01 

bvEbo 

5.0 

Vdc 

Collector  Cutoff  Current 

IVCB  "  30  Vdc.  IE  -  01  MPS-U01 
(VCB  -  40  Vdc.  IE  ■  01  MPS-U01A 

'CBO 

0  1 
0  1 

yAdc 

Emitter  Cutoff  Current 
IVBE  -  3.0  Vdc.  IC  =  01 

lEBO 

0  1 

j/Adc 

ON  CHARACTERISTICS!!! 

DC  Current  Gain 

(!C  -  10  mAdc.  VCE  "  10  Vdc! 
IlC  ■  100  mAdc.  VCE  i  '  -0  Vdc! 
Ilc  ■  10  Adc.  VCE  ■  10  Vdc! 

hFE 

55 
60 

50 

Collector  Emitter  Saturation  Voltage 
llc  "  1-0  Adc.  IB  ■  0.1  Add 

vCEIsatl 

0.5 

Vdc 

Base  Emitter  On  Voltage 
dC  =  1-0  Adc.  Vce  =  1  0  Vdc) 

vBEIonl 

1.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain-Bandwidth  Product 

llc  ■  50  mAdc,  VCE  "  10  Vdc.  f  =  20  MHil 

fT. 

50 

MHz 

Output  Capacitance 

IVCB  =  10  Vdc,  le  =  0,  f  -  1.0  MHz! 

cob 

20 

PF 

IDPulse  Test:    Pulse  Width  <  300  |i5.  Duty  Cycle<  2  0% 

FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  "ON"  VOLTAGES 


1     1  1 

Vr.F  «  1.0  Vdc  . 

T 

J-25< 

C 

\ 

\ 

s 

\ 

7 

1  1 

T  i  =  ?5°r. 

s 

V'EE 

Is 

11 

tiff 

B  ' 

10 

VBE 

iVc 

E  = 

1.0 

V 

t 

(sat)® 

IC 

i  = 

10 

I  

IC,  COLLECTOR  CURRENT  ImA) 

FIGURE  3  —  DC  SAFE  OPERATING  AREA 


50  100  200  300 

IC.  COLLECTOR  CURRENT  (mAI 


§  0.5 

W 

o 

o  0.3 

S  0.2 


X 

■  j      in  u 

LIMIT 

BONDING  WIRE 

THERMAL  LIMIT@Tc  -  25° 

c  \ 

■  1 

SEC0 

JO  BREAK 

DOWN  LIMIT 

MPS  I 

01  — * 

MPS-U01A   

1 

There  are  two  limitations  on  the  power  handling  ability  of  a  tran- 
sistor: junction  temperature  and  secondary  breakdown.  Safe 
operating  area  curves  indicate  lc^vCE  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 
The  data  of  Figure  3  is  based  on  Tj{pk)  =  150°C;  Tc  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  secondary  breakdown. 


4.0         6.0  10  20 

vce,  collector-emitter  voltage  ivoltsi 


3-1221 


MPS -U  02 


MOTOROLA 


NPN  SILICON  ANNULAR 
AMPLIFIER  TRANSISTOR 

.  .  .  designed  for  general-purpose,  high-voltage  amplifier  and 
driver  applications. 

•  High  Power  Dissipation  -  Pp  =  10  W  @  Jq  =  25°C 

•  Complement  to  PNP  MPS-U52 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitler  Voltage 

VCEO 

40 

Vdc 

Collector- Base  Voltage 

VCB 

50 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  —  Continuous 

'c 

800 

mAdc 

Total  Power  Dissipation  @  TA  =  25"C 
Derate  above  25'C 

PD 

1  0 

8.0 

Watt 
mW/*C 

Total  Power  Dissipation®  Tc  =  25°C 
Derate  above  25°C 

PD 

10 
80 

Warts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

V  Ts.g 

-55  to  '150 

"C 

THERMAL  CHARACTERISTICS 

Characteristic 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«JC 

12.5 

"C/W 

Thermal  Resistance,  Junction  to  Ambient 

"»JA 

125 

;c/w 

ELECTRICAL  CHARACTERISTICS  <t,  =  25-c  unless  oiiw 

wise  noted) 

Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 
(Ic  -1.0  mAdc,  IB  =  0) 

BVCEO 

40 

Vdc 

Collector-Base  Breakdown  Voltage 
dc  =  100uAdc,  1E  »  0) 

BVCBO 

60 

Vdc 

Collector  Cutoff  Current 
(VCB  =  40  Vdc,  IE  .  0) 

'CBO 

- 

100 

nAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 
(Ic  -  10  mAdc,  VC£  =  10  Vdc) 

<lc  -  ISO  mAdc,  VCE  .  10  Vdc) 

(lc  =  500  mAdc,  VCf.  .  10  Vdc) 

hEE 

50 
50 
30 

300 

Collector-Emitter  Saturation  Voltage 
(lc  =  150  mAdc,  IB  =  15  mAdc) 

VCE(sal) 

0.4 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  -  150  mAdc,  IB  =  15  mAdc) 

VBE(sat) 

1.1 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain— Bandwidth  Product 
0C  =  20  mAdc,  VCE  «  20  Vdc,  1  =  100  MHz 

«T 

100 

MHz 

Output  Capacitance 
(VCB  =  10  Vdc,  1£  .  0,  f  =  100  kHz) 

Cob 

20 

PF 

NPN  SILICON 
AMPLIFIER  TRANSISTOR 


□ 


STYLE  1: 

PIN  I.  EMITTER 

2.  BASE 

3.  COLLECTOR 
(COLLECTOR  CONNECTED 
TO  TAB) 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.376 

I 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

26.53 

0.985 

1.005 

N 

5.08  BSC 

0.20 

3B3C 

a 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 

3-1222 


MPS-U02 


FIGURE  2  -  COLLECTOR-EMITTER 
FIGURE  1  -  NORMALIZED  DC  CURRENT  GAIN  SATURATION  VOLTAGE  versus  BASE  CURRENT 


IC.  COLLECTOR  CURRENT  Ml  REVERSE  VOLTAGE  (VOLTSI 


FIGURE  5  -  CURRENT-GAIN-BANDWIDTH  PRODUCT 

versus  COLLECTOR  CURRENT  FIGURE  6-  ACTIVE  REGION  DC  SAFE  OPERATING  AREA 

.  1000 1      I   I  i  i  1 1 1 ii      i    i  m  i  ii ii      i    i  i  1 1 1 m        2.0 1  1 — i  1 — i — i —  ilii  1 — I  1 — I — I 


10  100  1.0  A  1.0  2.0       3.0         5.0     7.0     10  20       30  50 

IC.  COLLECTOR  CURRENT  (mAI  VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 
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MPS- 1103 
MPS-U04 


NPN  SILICON  ANNULAR 
HIGH  VOLTAGE  AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  horizontal  drive  applications,  high-voltage  linear 
amplifiers,  and  high-voltage  transistor  regulators. 

•   High  Collector-Emitter  Breakdown  Voltage  - 

BVcEO  "  180  Vdc  (Min)  @  Iq  =  1  nnAdc  -  MPS-U04 

•'  Low  Collector-Emitter  Saturation  Voltage  — 

VCE(sat)  =  0.5  Vdc  (Max)  @  lc  =  200  mAdc 


•  High  Power  Dissipation  - 
PD  -  10  W  @  TC  =  25°C 


NPN  SILICON 
AMPLIFIER 
TRANSISTORS 


MAXIMUM  RATINGS 

Rating 

Symbol 

MPS-U03 

MPS  U04 

Unit 

Collector-Emitter  Voltage 

vCEO 

120 

180 

Vdc 

Collector-Base  Voltage 

VCB 

120 

180 

Vdc 

Emitter-Base  Voltage 

vEb 

5 

Vdc 

Collector  Current 

'c 

1 

Adc 

Total  Power  Dissipation  @       =  25°C 
Derate  Above  25°C 

Pd 

1 

8 

Watts 
mW/°C 

Total  Power  Dissipation  @  Trj  =  25°C 
Derate  Above  25°C 

pD 

10 
80 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.  Tstg 

-55  to  +150 

°C 

Solder  Temperature,  1/16"  From  Case 
for  10  Seconds 

260 

°C 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

R9JA 

125 

°C/W 

Thermal  Resistance,  Junction  to  Case 

Rojc 

12.5 

°C/W 

STYLE  I! 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 
(COLLECTOR  CONNECTED 
TO  TAB! 


DIM 

MILLIMEtEHS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

3.53 

0.360 

0.376 

■ 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

036 

0  41 

0014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0  985 

1.005 

N 

5.08  BSC 

020 

issc 

a 

2.39    1  2.69 

0.094  T  0.106 

R 

1.14   1  1.40 

0.045  !  0.055 

CASE  152  02 
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MPS-U03,  MPS-U04 


ELECTRICAL  CHARACTERISTICS  (TA  »  25°C  unless  otherwise  notedl 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 

(lc  =  1.0  mAdc,  lB  =0)  MPS-U03 

MPS-U04 

BVCEo 

120 
180 

Vdc 

Collector-Base  Breakdown  Voltage 

(lc  -  100xAdc.  IE  -0)  MPS-U03 

MPS-U04 

BVCB0 

120 
180 

Vdc 

Emitter-Base  Breakdown  Voltage 
(If;  -  100uAdc.  IC  -01 

BVEBO 

5.0 

Vdc 

Collector  Cutoff  Current 

!CBO 

uAdc 

IVCB  =  100  Vdc,  lE  =01  MPS-U03 
IVCB  -  150  Vdc.  IE  -01  MPS-U04 

_ 

0.1 
0.1 

ON  CHARACTERISTICS  (11 

DC  Current  Gain 

(IC  "  10  mAdc,  VCE  =  10  Vdcl 

nFE 

40 

Collector-Emitter  Saturation  Voltage 
(lc  =  200  mAdc,  lB  f  20  mAdc) 

vCE(sat) 

0.5 

Vdc 

Base-Emitter  On  Voltage 

(lc  =  200  mAdc.  VCE  »  1.0  Vdcl 

vBE(onl 

1.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain— Bandwidth  Product 

(lc  =  50  mAdc.  VCE  =  20  Vdc,  f  =  20  MHzl 

tj 

35 

MHz 

Output  Capacitance 

(VCB  =  10  Vdc,  lE  =0.  f  =  100  kHz! 

Cob 

12 

pF 

Input  Capacitance 

(VBE  *0.5  Vdc,  lc  =0,  f  =  100  kHzl 

Cib 

110 

PF 

(1 1  Pulse  Test:  Pulse  Width  <;  300  us.  Duty  Cycle  «  2.0%. 


TYPICAL  CHARACTERISTICS 


FIGURE  1  -  CURRENT-GAIN  -  BANDWIDTH  PRODUCT 

300 


§  100 
< 

CO 

r  70 
< 

5  50 

IE 
IE 

0 

t  30 


1 

VCE  -  20  V 

T|  = 

25°C 

o  : 

0  3 

0                 50           70  1 

FIGURE  2  -  CAPACITANCE 


IC.  COLLECTOR  CURRENT  ImA) 


0.3    0.5  0.7  1.0      2.0  3.0   5.0  7.0  10      20  30    50  70  100     200  3 
Vr.  REVERSE  VOLTAGE  (VOLTS) 
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MPS-U03,  MPS-U04 


< 


TYPICAL  CHARACTERISTICS  (Continued) 


FIGURE  7  -  COLLECTOR  CHARACTERISTICS  FIGURE  8  -  COLLECTOR  CUTOFF  REGION 
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MPS-U03,  MPS-U04 


TYPICAL  CHARACTERISTICS  (Continued) 


FIGURE  9  -  THERMAL  RESPONSE 


0  01    002        0.05     0.1      0.2         05       10      7  0         50       10       20          50      100      200        500     1.0k     2.0  k         50k  10  k     20  k       50  k    100  k 

I,  TIME  Imsl 


FIGURE  10  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


1000 

!  700 


TA  - 25°C 


TC  -  25°C>  " 


—  Bonding  Wire  Limit 
"•"Thermal  Limit  Single  Pulse 
Second  Breakdown  Limit 
(Applies  Below  Rated  Vqitq) 
-1  1    j   I  I  I  I  I  I  l_ 


3  5      7      10  20      30         50     70  100 

VCE.  COLLECTOR  EMITTER  VOLTAGE  IVOLTS1 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  \q— Vfj£ 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  10  is  based  on  Tq  =  25°C;  Tj(pk) 
is  variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Tq  >  25°C.  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations.  Allowable 
current  at  the  voltages  shown  on  Figure  10  may  be  found 
at  any  case  temperature  by  using  the  appropriate  curve  on 
Figure  1 1. 

Tj(pk)  may  be  calculated  from  the  data  in  Figure  9. 
At  high  case  temperatures,  thermal  limitations  will  reduce 
the  power  that  can  be  handled  to  values  less  than  the 
limitations  imposed  by  ! 


FIGURE  11  -  POWER  DERATING 
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MPS-U05 
MPS -U 06 


(M) 


N  / 


NPN  SILICON  ANNULAR 
AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  general-purpose,  high-voltage  amplifier  and  driver 
applications. 

•  High  Collector-Emitter  Breakdown  Voltage  - 

BVcEO  =  60  Vdc  (Min)  @  lC  =  1.0  mAdc  -  MPS-U05 
80  Vdc  (Min)  ®  lC  =  1.0  mAdc  -  MPS-U06 

•  High  Power  Dissipation  -  Pq  =  10  W  @  Tc  -  25°C 

•  Complements  to  PNP  MPS-U55  and  MPS-U56 


MAXIMUM  RATINGS 


NPN  SILICON 
AMPLIFIER  TRANSISTORS 


Rating 

Symbol 

MPS-U05 

MPS-U06 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

4.0 

Vdc 

Collector  Current  —  Continuous 

ic 

2.0 

Adc 

Total  Power  Dissipation  @>  TA  -  25°C 
Derate  above  25°C 

PD 

1.0 
80 

Watt 
mW/°C 

Total  Power  Dissipation  @  Jc  =  25°C 
Derate  above  25°C 

Pd 

10 
80 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«JC 

12.5 

°c/w 

Thermal  Resistance,  Junction  to  Ambient 

"8JA 

125 

°c/w 

0 


►—J 

STYLE  1: 

PIN  I.  EMITTER 

2.  BASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCH! S 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.64  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.476 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08  BSC 

0.200  BSC 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 

CASE  152-02 


3-1228 


MPS-U05,  MPS-U06 


ELECTRICAL  CHARACTERISTICS  (TA  =  25°C  unless  otherwise  noted) 


Min 


Typ 


Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage 
(lc  =  1.0  mAdc,  lB  =  0) 

MPS-U05 
MPS-U06 

BVCEO 

60 
80 

: 

: 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  =  lOOjjAdc,  lc  =  0) 

BVEB0 

4.0 

Vdc 

Collector  Cutoff  Current 
(VCB  =  40  Vdc,  lE  =  0) 
(VCB  =  60  Vdc.  IE  =  0) 
1  

MPS-U05 
MPS-U06 

ICBO 

100 
100 

nAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (11 
<IC  =  50  mAdc.  VCE  -  1.0  Vdc) 
(IC  =  250  mAdc.  VCE  -  1.0  Vdcl 
(IC  =  500  mAdc.  VCE  =  1 .0  Vdc) 

"FE 

■  

80 
60 

125 
100 

55 

Collector-Emitter  Saturation  Voltage*  1 ) 
(lc  =  250  mAdc,  lB  =  10  mAdcl 
(IC  =  250  mAdc,  lB  =  25  mAdcl 

VcE(sat) 

0.18 
0.1 

0.4 

Vdc 

Base-Emitter  On  Voltage  (1) 
(lc  =  250  mAdc,  VCE  =  5.0  Vdc) 

vBEIon) 

0.74 

1.2 

Vdc 

SMALL-SIGNAL  CHARACTERISTICS 

Current-Gain-Bandwidth  Product  (11 

(lc  =  250  mAdc,  VCE  =  5.0  Vdc,  f  =  100  MHzl 

i 

50 

150 

MHz 

Output  Capacitance 
(VCB  =  10  Vdc,  lE  =  0,  f  =  100  kHz) 

Cob 

6.0 

12 

pF 

( 1  tPulse  Test:   Pulse  Width  <300  fjs.  Duty  Cycle  <2.0%, 

FIGURE  1  -  DC  CURRENT  GAIN 


1 1 II 

2S°C 

IC,  COLLECTOR  CURRENT ImAI 


1.0       2.0  50        10  20 

IC. COLLECTOR  CURRENT  (niA| 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  second  breakdown.  Safe 
operating  area  curves  indicate  \q  -  Vce  Knwts  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 


The  data  of  Figure  3  is  based  on  Tjip^)  =  1 50°C;  Tq  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values  less 
than  the  limitations  imposed  by  second  breakdown. 
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MPS  -  U07 


($)  MOTOROLA 


NPN  SILICON  ANNULAR 
AMPLIFIER  TRANSISTOR 


designed  for  general-purpose,  high-voltage  amplifier  and  driver 


applications. 


•  High  Collector-Emitter  Breakdown  Voltage  - 

BVcEO  =  1°0  Vdc  (Mini  @  lc  =  1 .0  mAdc 

•  High  Power  Dissipation  -  Pp  =  10  W@  Tq  =  25°C 


Complement  to  PNP  MPS-U57 


NPN  SILICON 
AMPLIFIER  TRANSISTOR 


c 

MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

100 

Vdc 

Collector-Base  Voltage 

VCB 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

4.0 

Vdc 

Collector  Current  -  Continuous 

ic 

2.0 

Adc 

Total  Power  Dissipaton  <5>  TA  •  25°C 
Derate  above  25°C 

1.0 

8.0 

Watt 

mW7°C 

Total  Power  Dissipaton  @  Tq  =  25°C 
Derate  above  25°C 

Pd 

10 
80 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  R  ange 

T|.Tstg 

-5B  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R9JC 

12.6 

°c/w 

Thermal  Resistance,  Junction  to  Ambient 

RflJA 

125 

°c/w 

STYLE  1: 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

1360 

0.375 

B 

6.60 

7.24 

0.2G0 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08  BSC 

0.200  BSC 

Q 

2.39 

2.69 

0.094 

0.106 

B 

1.14 

1.40 

0.045 

0.055 

CASE  152-02 


3-1230 


MPS-U07 


ELECTRICAL  CHARACTERISTICS  (TA  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 
dc  =  1.0  mAdc,  lg  =  0) 

BVCEO 

100 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  "  100,iAdc,  lc  =  0) 

BVEB0 

4.0 

Vdc 

Collector  Cutoff  Current 

(VCB  =  80  Vdc,  lE  =0) 

ICBO 

100 

nAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (1) 
dC  =  50  mAdc,  VCE  =  1.0  Vdc) 
dc  =  250  mAdc,  VCE  "  10  Vdc) 
II C  =  500  mAdc,  Vce  "  10  Vdc) 

"FE 

60 
30 

110 

65 
33 

Collector-Emitter  Saturation  Voltage  (1) 
dC  •  250  mAdc,  lB  =  10  mAdc) 
dc  =  250  mAdc.  IB  =  25  mAdc) 

VCE(sat) 

0.18 
0.1 

0.4 

Vdc 

Base-Emitter  On  Voltage  H> 
dC  =  250  mAdc,  VCE  -  5.0  Vdc) 

vBE(on) 

0.76 

1.2 

Vdc 

SMALL  SIGNAL  CHARACTERISTICS 

Current-Gain— Bandwidth  Product  (D 

(lc  -  250  mAdc,  VCE  =  5.0  Vdc,  f  =  100  MHz) 

fT 

50 

150 

MHz 

Output  Capacitance 
(VCB  -  10  Vdc.  IE  =  0.  f  =  100  kHz) 

Cob 

6.0 

12 

pF 

dlPulse  Test:    Pulse  Width  <300  Ms,  Duty  Cycle  <  2.0%. 

FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  "ON"  VOLTAGES 


I  I 

vce  ■  m  vdc 

Tj  =  2S"C 

2D  50     70  100 

IC,  COLLECTOR  CURRENT  ImAI 


FIGURE  3  —  DC  SAFE  OPERATING  AREA 


10      2.0  5  0       10         20  50      100       200  300  500 

IC.  COLLECTOR  CURRENT  ImA) 

FIGURE  4  -  CURRENT-GAIN  — BANDWIDTH  PRODUCT 


I 


vCE -5.o  vdi 

T j  =  25°C 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  second  breakdown.  Safe 
operating  area  curves  indicate  lc  -  Vqe  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 


SO    70  100 
IC.  COLLECTOR  CURRENT  <mA) 

The  data  of  Figure  3  is  based  onTj(pk)  »  150 °C;  Jq  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values  less 
than  the  limitations  imposed  by  second  breakdown. 
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MPS -U 10 


NPN  SILICON  ANNULAR  TRANSISTOR 


.  .  .  designed  for  high-voltage  video  and  luminance  output  stages  in 
TV  receivers. 


High  Collector-Emitter  Breakdown  Voltage  - 
BVcEO  "  300  Vdc  (Min)  @  lC  =  1.0  mAdc 

Low  Collector-Emitter  Saturation  Voltage  — 
VcE(sat)  =  0.75  Vdc  (Max)  <°>  lc  =  30  mAdc 

Low  Collector-Base  Capacitance  — 
Ccb  =  3.0  pF  (Max)  @  VCB  ■  20  Vdc 


NPN  SILICON 
HIGH  VOLTAGE 
AMPLIFIER 
TRANSISTOR 


■P 

c 

MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEO 

300 

Vdc 

Collector-Base  Voltage 

VCB 

300 

Vdc 

Emitter-Base  Voltage 

VEB 

6  0 

Vdc 

Collector  Current  -  Continuous 

ic 

0.5 

Adc 

Total  Power  Dissipation  @  Ta  =  25°C 

Pd 

1.0 

Watt 

Derate  above  25°C 

8.0 

mW/°C 

Total  Power  Dissipation  @  Tc  =  25°C 

Pd 

10 

Watts 

Derate  above  25°C 

80 

mW/°C 

Operating  and  Storage  Junction  Temperature  Range 

TjTstg 

-55to+150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R»jc 

12.5 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R0JAI1  I 

125 

°C/W 

11)  Re j A  is  measured  with  the  device  soldered  into  a  typical  printed  circuit  board. 

■  A  — 

I—-  B  — 

t 

E   B  C 

u 

1 

-c 

1    1  1 

1      1'  TP 

L 

D 


STYLE  1: 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0-360 

0.376 

B 

6.60 

7.24 

0.260 

0.285 

C 

6.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08  BSC 

0.200  BSC 

a 

2.39 

2.69  1  0.094 

0.106 

R 

1.14 

1.40  1  0.045 

0.055 

CASE  152-02 
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MPS-U10 


ELECTRICAL  CHARACTERISTICS  ITA  =  25°C  unless  otherwise  noted) 


Characteristics 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage  (1 1 
dc  *  1.0  mAdc,  lB  -  01 

BVCE0 

300 

Vdc 

Collector-Base  Breakdown  Voltage 
dc  "  100uAdc.  IE  =  01 

BVCB0 

300 

Vdc 

Emitter-Base  Breakdown  Voltage 

BVEB0 

6.0 

Vdc 

(lE  =  lOOuAdc,  IC  -  0) 

Collector  Cutoff  Current 
(VCB  =  200  Vdc.  IE  «  0) 

'CBO 

02 

uAdc 

Emitter  Cutoff  Current 
(VBE  =  6  0  Vdc,  lc  -  0) 

'EBO 

0.1 

uAdc 

ON  CHARACTERISTICS 

DC  Current  Gain 

(lc  -  1.0  mAdc.  VcE  =  10  Vdc) 

nFE 

25 

 . 

(lc  i  10  mAdc.  VcE  "  10  Vdc) 

40 

IIC  f  30  mAdc,  VcE  =  10  Vdc) 

40 

Collector-Emitter  Saturation  Voltage 
(lc  =  30  mAdc.  IB  -  3.0  mAdc) 

vCE(satl 

0.7b 

Vdc 

Base-Emitter  On  Voltage 

(lC  =  30  mAdc.  VCE  -  10  Vdc) 

vBE(on) 

0.85 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain-Bandwidth  Product  (1) 

llc  =  10  mAdc.  VCE  =  20  Vdc.  f  =  100  MHz) 

H 

45 

MHz 

Collector-Base  Capacitance 

IVCB  =  20  Vdc,  lE  •  0,  f  -  1.0  MHz) 

ccb 





30 

pF 

(l)Pulse  Test:  Pulse  Width  £300  us.  Duty  CycleS  2%. 


FIGURE  1  —  DC  SAFE  OPERATING  AREA 


— * 

X 

k 

— •« 

k 

s 

N 

> 

s 

—            oonoing  wire  Limited 

 ■ 

 Thermal  Limitations  Tc  =  25° 

V 

The  Safe  Operating  Area  Curves  indicate  lc_vCE  lim'ts  below 
which  the  device  will  not  enter  second  breakdown.  Collector 
load  lines  for  specific  circuits  must  fall  within  the  applicable  Safe 
Area  to  avoid  causing  a  catastrophic  failure.  To  insure  operation 
below  the  maximum  Tj,  power-temperature  derating  must  ba  ob- 
served for  both  steady  state  and  pulse  power  conditions. 


20  30  50        70        100         150  200 

VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 
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FIGURE  2  —  DC  CURRENT  GAIN 
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IC.  COLLECTOR  CURRENT  (mA) 


FIGURE  5  -  "ON"  VOLTAGES 
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($)  MOTOROLA 


NPN  SILICON  ANNULAR    RF  TRANSISTOR 

.  .  .  designed  for  use  in  Citizen-Band  and  other  high-frequency  com- 
munications equipment  operating  to  30  MHz.  Higher  breakdown 
voltages  allow  a  high  percentage  of  up-modulation  in  AM  circuits. 
This  device  is  designed  to  be  used  with  the  MPS8000  driver  and  the 
MPS8001  RF  oscillator. 

•  Output  Power  =  3.5  W  (Min)  @  Vcc  =  1 3.6  Vdc 

•  Power  Gain  =  1 1.5  dB  (Mini 

•  High  Collector-Emitter  Breakdown  Voltage  - 

BVCES>  65  Vdc 

•  DC  Current  Gain  - 

Linear  to  500  mAdc 


MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCES 

65 

Vdc 



Emitter-Base  Voltage 

VEB 

3.0 

Vdc 

Collector  Current  -  Continuous 

ic 

500 

mAdc 

Total  Power  Dissipation  @       =  25°C 
Derate  above  25°C 

pD 

1.0 
8.0 

Watt 
mW/°C 

Total  Power  Dissipation  @  Trj  =  25°C 
Derate  above  25°C 

PD 

10 
80 

Watt 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

Tj.Tstg 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rsja 

12.5 

°c/w 

Thermal  Resistance,  Junction  to  Ambient 

R0JA(1> 

125 

°c/w 

(1)  RflJA  is  measured  with  the  device  soldered  into  a  typical  printed  circuit  board. 




3.5  W  —  27  MHz 

RF  POWER  OUTPUT 
TRANSISTOR 

NPN  SILICON 


E    j  / 

B  / 
C 

STYLE  1: 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.600 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08  BSC 

0.200  BSC 

a 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.046 

0.055 

CASE  152-02 
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f\JVtfOT%Jt 


ELECTRICAL  CHARACTERISTICS  (TA  =  25°C  unless  otherwise  noted. I 


Characteristic                                          |     Symbol     |       Min              Typ              Max  Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage  111 
IIC  -  ISOmAdc.  VBE  -  01 

BVCES 

65 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  =  1.0  mAdc.  IC  -  01 

bveb0 

3.0 

Vdc 

Collector  Cutoff  Current 
(Vc8  =  50  Vdc,  lE  =  0) 

'CBO 

0.01 

mAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  121 

(IC  -  100  mAdc.  VCE  *  10  Vdcl 

nFE 

10 

DYNAMIC  CHARACTERISTICS 

Output  Capacitance 

IVCB  =  12  Vdc.  IE  =  0,  f  -  1.0  MHz) 

Cob 

40 

pF 

FUNCTIONAL  TEST  IFigure  11 

T,tT 

Common-Emitter  Amplifier  Power  Gain 

(Pout  =  3.5  W,  VCC  k  13.6  Vdc.  f  -  27  MHz) 

GPE 

1 1.5 

dB 

Output  Power 

(Pin  =  250  mW,  VCC  =  13.6  Vdc,  f  -  27  MHz) 

pout 

3.5 

Watts 

Collector  Efficiency  (3) 

(Pout  =  3.5  W,  VCC  -  13.6  Vdc,  f  -  27  MHz) 

70 

% 

Percentage  Up-Modulation  (4) 
(f  =  27  MHz) 

85 

% 

(1 )  Pulsed  thru  a  25  mH  Inductor 

(2)  Pulse  Test:  Pulse  Width  <300  ms. 

Duty  Cycle  <2.0%. 


RF  pout 
(VCC)  (lc> 


100 


(4)  Percentage  Up-Modulation  is  measured  in  the  test  circuit 
(Figure  1)  by  setting  the  Carrier  Power  (Pc)  to  3.5  Watts  with 
Vcc  =  13.6  Vdc  and  noting  the  power  input.  Then  the  Peak 
Envelope  Power  (PEP)  is  noted  after  doubling  the  original  power 
input  to  simulate  driver  modulation  (at  a  25%  duty  cycle  for  therm- 
al considerations)  and  raising  the  Vrj^  to  25  Vdc  (to  simulate  the 
modulatingvoltage).  Percentage  Up-Modulation  is  then  determined 
by  the  relation: 


Percentage  Up-Modulation  ! 


•  100 


FIGURE  1  -  27  MHz  TEST  CIRCUIT 


CI.  C2  9.0-180  pF  ARCO  463  «  Equi.alenl 
C3.  C4   5  0-80  pF  ARCO  462  or  Equivalent 

C5  0  02uF  Ceramic  Disc 

C6   0  I  *jF  Ceramic  Disc 
RFC1    4  Turns  #30  Enameled  Wire  Wound  on 
Ferroxcube  Bead  Type  56  590-65/3B 

RFC2    26  Turns  #22  Enameled  Wire  12  Layers  - 

13  Turns  Each  Layerl  It"  Inner  D 
LI        0  22  uH  Molded  Choke 
L2       0.68  uH  Molded  Choke 
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POWER  OUTPUT 


FIGURE  2  -  Vcc  =  12.5  Vdc 


FIGURE  3-  Vcc  =  13.6  Vdc 
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FIGURE  4  -  CURRENT  GAIN  -  BANDWIDTH  PRODUCT 
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FIGURE  6  —  DC  CURRENT  GAIN 

~i  r 
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FIGURE  5  -  CAPACITANCE 


1.1      0.2         05       1  0      2.0         5.0       10  20 
Vr,  REVERSE  VOLTAGE (VOLTS) 

FIGURE  7  -  ON  VOLTAGES 
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® 


MOTOROLA 


NPN  SILICON  DARLINGTON 
AMPLIFIER  TRANSISTOR 

.  designed  for  amplifier  and  driver  applications. 

• 

High  DC  Current  Gain  - 

hpE  =  25,000  (Min)  @\q  =  200  mAdc 
15,000  (Min)  @  Iq  =  500  mAdc 

• 

Collector-Emitter  Breakdown  Voltage  — 
BVcES  =  40  Vdc  (Min)  @  lc  =  .OOjxAdc 

• 

Low  Collector-Emitter  Saturation  Voltage  — 
VcE(sat)  =  1-5  Vdc@  lc  =  1.0  Adc 

• 

Monolithic  Construction  for  High  Reliability 

• 

Complement  to  PNP  MPS-U95 

MAXIMUM  RATINGS 

Ratine; 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

VCEO(1) 

40 

Vdc 

Collector-Emitter  Voltage 

VCES 

40 

Vdc 

Collector-Base  Voltage 

VCB 

50 

Vdc 

Emitter-Base  Voltage 

VEB 

12 

Vdc 

Collector  Current 

ic 

2.0 

Adc 

Total  Power  Dissipation  @  TA  =  25°C 
Derate  above  25°C 

1.0 
8.0 

Watt 
mW/°C 

Total  Power  Dissipation  @  Jc  =  25°C 
Derate  above  25°C 

pD 

10 
80 

Watts 
.  mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TjTstg 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Ambient 

RflJA 

125 

°c/w 

Thermal  Resistance,  Junction  to  Case 

fl« 

12.5 

°c/w 

(1)  Due  to  the  monolithic  construction  of  this  device,  breakdown  voltages  of  both 
transistor  elements  are  identical.  BVcES  is  tested  in  lieu  of  BVceO  in  order  to 
avoid  errors  caused  by  noise  pickup.  The  voltage  measured  during  the  BVqes 
test  is  the  BVq^q  of  the  output  transistor. 

NPN  SILICON 
DARLINGTON 
TRANSISTOR 


*<:./ 

8  / 

c 

STYLE  1: 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.376 

6 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

036 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.476 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08  BSC 

0.200  BSC 

a 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 

CASE  152  02 
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ELECTRICAL  CHARACTERISTICS  ITA  =  2S°C  unless  otherwise  noted)  


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 
(IC  *  100»iAdc,  VBE  =  0) 

BVcES 

40 

Vdc 

Collector-Base  Breakdown  Voltage 
llc  =  lOOjuAdc,  lE  =  0) 

BVcBO 

SO 

Vdc 

Emitter-Base  Breakdown  Voltage 
(lE  =  10juAdc,  lc  =  0) 

BVEBO 

12 

Vdc 

Collector  Cutoff  Current 
(VCB  =  30  Vdc,  lE  =  0) 

ICBO 

100 

nAdc 

Emitter  Cutoff  Current 
(VEB=  10  Vdc.  IC  =  0) 

'EBO 

_ 

100 

nAdc 

ON  CHARACTERISTICS!!! 

DC  Current  Ga,n 

(IC  =  200  mAdc,  Vqe  =  5.0  Vdcl 
He  -  500  mAdc.  VCE  =  5.0  Vdcl 
(IC  =  10  Adc,  Vce  =  5.0  Vdc) 

nFE 

25.000 
15.000 
4.000 

65.000 
35,000 
12,000 

1 50.000 

Collector-Emitter  Saturation  Voltage 
He  -  10  Adc,  lB  =  2.0  mAdc) 

vce  (sat) 

1.2 

1.5 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc  «  1.0  Adc,  I B  =  2.0  mAdc) 

vBE(sat) 

1.85 

2.0 

Vdc 

Base-Emitter  On  Voltage 

llC  -  10  Adc.  VCE  =  5.0  Vdc) 

vBE(on) 

1.7 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain  I1' 

IIC  =  200  mAdc,  VCE  =  5.0  Vdc.  f  =  100  MHz) 

Ihfel 

1.0 

3.2 

Collector  Base  Capacitance 

(VCB=10Vdc.  IE  =  0,  f=  1.0  MHz) 

Ccb 

2.5 

6.0 

pF 

(T'Pulse  Test:    Pulse  Width  ^  300  MS,  Duty  Cycle  ^2.0%. 


Uniwatt  darlington  transistors  can  be  used  in  any  number  of  low  power  applications,  such  as  relay  drivers,  motor  control  and  as  general 
purpose  amplifiers.  As  an  audio  amplifier  these  devices,  when  used  as  a  complementary  pair,  can  drive  3.5  watts  into  a  3.2  ohm  speaker  using 
a  14  volt  supply  with  less  than  one  per  cent  distortion.  Because  of  the  high  gain  the  base  drive  requirement  is  as  low  as  1  mA  in  this  application. 
They  are  also  useful  as  power  drivers  for  high  current  application  such  as  voltage  regulators 
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FIGURE  5  —  DC  SAFE  OPERATING  AREA 


1.0 
0.7 

0.5 

0.3 
0.2 


"  Tj  =  150°C 

 BONDING  WIRE  LIMITATION 

 THERMAL  LIMIT  AT  ION  @Tc  =  25°C 

SECOND  BREAKDOWN  LIMITATION  " 


I         I       I     I     I    I  II 


3.0  5.0        7.0        10  20  30  40 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  ? 
transistor:  junction  temperature  and  second  breakdown.  Safe 
operating  area  curves  indicate  Irj-VCE  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must  not 
be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(p|<)  =  150°C;  Tq  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal  limi- 
tations will  reduce  the  power  that  can  be  handled  to  values  less 
than  the  limitations  imposed  by  second  breakdown. 
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® 





PNP  SILICON  ANNULAR  TRANSISTORS 

.  designed  for  complementary  symmetry  audio  circuits  to  5  Watts 


output. 


Excellent  Current  Gain  Linearity  —  1 .0  mAdc  to  1 .0  Adc 
Low  Collector-Emitter  Saturation  Voltage  — 
VcE(sat)  =  0.7  Vdc  (Max)  @  lc  »  1.0  Adc 
Complements  to  NPN  MPS-U01  and  MPS-U01 A 

Uniwatt   Package  for  Excellent  Thermal  Properties  - 
1.0  Watt  <9>TA  =  25°C 


MAXIMUM  RATINGS 


Rating 

Symbol 

MPS-U51 

MPS  U51A 

Unit 

Collector-Emitter  Voltage 

vCEO 

30 

40 

Vdc 

Collector  Base  Voltage 

VCB 

40 

50 

Vdc 

Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collector  Current  -  Continuous 

ic 

20 

Adc 

Total  Power  Dissipation  @  TA=  25°C 
Derate  above  25°C 

1.0 
8.0 

Watt 
mW/°C 

Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 

pD 

10 
80 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R8JC 

12.5 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

RSJA 

125 

°c/w 

PNP  SILICON 
AUDIO  TRANSISTORS 


STYLE  1: 

PIN  1.  EMITTER 

2.  8ASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.64  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.63 

0.985 

1.005 

N 

5.08  BSC 

0.200  esc 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 

CASE  152-02 


3-1241 


MPS-U51,MPS-U51A 

ELECTRICAL  CHARACTERISTICS  ITA  -  25°C  unless 


Characteristic 


Symbol 


M 


] 


OFF  CHARACTERISTICS 


Collector  Emitter  Breakdown  Voltage 
(lc  =  1-OmAdc.  IB  -  0)                                                            MPS  U51 

MPS-U51 A 

BVCEO 

30 
40 

Vdc 

Collector  Base  Breakdown  Voltage 

llc  "  lOOuAdc.  IE  =  01  MPS-U51 

MPS-U51 A 

BVCBO 

40 
50 

Vdc 

Emitter-Base  Breakdown  Voltage 

BVEB0 

5.0 

Vdc 

He  "  100uAdc.  IC  -  01 

Collector  Cutoff  Current 

IVCB  ■  30  Vdc.  IE  -  01  MPS-U51 
(VCB  =  40  Vdc.  IE  «  0)  MPS-U51A 

'CBO 

0  1 
0  1 

uAdc 

Emitter  Cutoff  Current 
(VBE  -  3  0  Vdc,  lc  =  01 

'ebo 

0.1 

uAdc 

ON  CHARACTERISTICS!!) 

DC  Current  Gain 
UC  "  lOmAdc.  VCE  »  10  Vdcl 
dC  B  100  mAdc,  VqE  ■  10  Vdc) 
flC  =  1  0  Adc.  VCE  ■  1.0  Vdc) 

"FE 

55 
60 
50 

Collector  Emitter  Saturation  Voltage 
llc  -  10  Adc.  IB  =  0.1  Adc) 

vCE(sat) 

0.7 

Vdc 

Base-Emitter  On  Voltage 

(lC  ■  1.0  Adc,  VCE  "  10  Vdc) 

VBE  (on) 

1.2 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gam  -  Bandwidth  Product 

dC  •  50  mAdc.  VCE  =  10  Vdc,  f  =  20  MHz) 

fT 

50 

MHz 

Output  Capacitance 

IVCB  ■  10  Vdc,  lE  -  0.  f  -  100  kHz) 

Cob 

30 

pF 

(DPulse  Test:  Pulse  Width  <300  MS.  Dutv  Cycle  <  2  0% 

FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  "ON"  VOLTAGES 


300 
200 


V 

CE-  1 
J  =  25c 

OVc 

c 

[ 

T 

s 

i 

10  20  50  100  200 

IC,  COLLECTOR  CURRENT  ImA] 


500  1000 


VCE(sat)@IC'lB»!0 


10  20      30        50  100  200     300      500  1000 

lC,  COLLECTOR  CURRENT  (mA) 

FIGURE  3  -  DC  SAFE  OPERATING  AREA 


— " 

1 

V 

^  

V 

~ — -  Bonding  Wire  Limited 

^— —  —    Thermal  Limitations   S?  Tc  = 

2S°C 

m 

pnc? 

Die 

0 

JV 

E 

) 

MPS-t 

51  " 



MPS-l 

51A- 

There  are  two  .imitations  on  the  power  handling  ability  of  a  tran- 
sistor: junction  temperature  and  second  breakdown.  Safe 
operating  area  curves  indicate  *c~^CE  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 
The  data  of  Figure  3  is  based  on  Tj(pkj  =  150°C;  Tc  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
less  than  the  limitations  imposed  by  second  breakdown. 


2.0         3.0  5.0  10  20  30  40 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 
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MPS  -  U52 

(M)  MOTOROLA 


PNP  SILICON  ANNULAR  TRANSISTOR 

.  .  .  designed  for  general-purpose  amplifier  and  driver  applications. 
•  Complement  to  NPN  MPS-U02 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Culleclor-Ennller  Voltage 

VCEO 

40 

Vdc 



Collector- Base  Voltage 

VCB 

60 

Vdc 



Emitter-Base  Voltage 

VEB 

5.0 

Vdc 

Collec  tor  Current  —  Continuous 

'c 

1.  5 

Adc 

Total  Power  Dissipation  6  TA  =  25"C 
Derate  above  25'C 

PD 

1.0 
8.0 

Walt 
niW/'C 

Total  Power  Dissipation  §  Tc  =  25CC 
Derate  above  25°C 

PD 

10 

80 

Wans 
mW  "C 

Operating  and  Storage  Junction 
Temperature  Range 

-55  Co  .150 

•c 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

12.5 

•C/W 

Thermal  Resistance,  Junctjun  to  Ambient 

"*ja"' 

125 

C/W 

ELECTRICAL  CHARACTERISTICS  [T,  ,  25-c  Unle»  othe-^e  r.oted) 

Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage 
(Ic  =  1.  0  mAdc,  10  =  0) 

BVCEO 

40 

Vdc 

Collector-Base  Breakdown  Voltage 
(lc  =100|jAdt,  iE  =  0) 

BVCBO 

60 

Vdc 

Collector  Cutoll  Current 
{VCB  =  40  Vdc,  IE  =  0) 

'CBO 

100 

nAdc 

ON  CHARACTERISTICS^) 

DC  Current  Gain 
(Ic  =  10  mAdc,  VC£  =  10  Vdc) 

(lc  =  150  mAdc,  VC£  =  10  Vdc) 

(Ic  =  500  mAdc,  VC£  =  10  Vdc) 

hFE 

50 
50 
30 

300 

Colleclor-Enutler  Saturation  Voltage 
0C  =  150  mAdc,  18  =  15  mAdc) 

VCE(sal) 

0.4 

Vdc 

Base-Emitter  Saturation  Voltage 
0C  -  150  mAdc,  10  -  15  mAdc) 

V  BE  (sat) 

1.3 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current-Gain- Bandwidth  Product  (2) 
(Ic  =  20  mAdc,  VCE  =  20  Vdc,  I  =  100  MHz 

«T 

100 

MHz 

Output  Capacitance 
(VCfi  5  10  Vdc,  I£  =  0,  f  =  100  kHz) 

24 

PF 

PNP  SILICON 
AMPLIFIER  TRANSISTOR 


(1)  R()JA  is  measured  with  device  soldered  into  a  typical  printed  circuit  board 

(2)  Pulse  Test:  Pulse  WidthS300  us,  Duty  CycleS2.  0% 


D 


STYLE  1 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 


DIM 
A 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

9  14 

9.53 

1360 

0.375 

S 

6  60 

7.24 

0.260 

0.285 

C 

5.41 

5  66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.006 

N 

5.08  BSC 

0.20 

J  BSC 

a 

239 

2.69 

0.094 

0.106 

R 

1.14 

140 

0.045 

0.065 

CASE  152  02 


f 

c 
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MPS-U52 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  "ON"  VOLTAGES 


2.0         5.0      10       20         50      100      200        500     1000  2000 
IC.  COLLECTOR  CURRENT  (mA) 


5.0    10       20        50      100     200       500     1000  2000 
IC,  COLLECTOR  CURRENT  (mA) 


FIGURE  3  -  COLLECTOR  SATURATION  REGION 


FIGURE  4  -  DC  SAFE  OPERATING  AREA 


0.05   0.1    0.2      0.5    1.0    2.0      5.0    10     20      50    100   200  600 
IB,  BASE  CURRENT  (mA) 


ec  0.5 
cc 

U 

o  0.3 

J  0.2 


\  

 BONDING  WIRE  LIMIT 

 1  H  t  HN1A  L  LI  Ml  1  191  1  C  ~  ZSUL- 

  SECOND  BREAKDOWN  LIMIT 

4.0  6.0  8.0  10  20 
VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 


FIGURE  5  -  CURRENT-GAIN  BANDWIDTH  PRODUCT 

.  500 


FIGURE  6  -  CAPACITANCE 
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VCE-20V 
-  Tj  -  25°C 

I  ■  100  MHz 


ou'  >  ' — ' —   >  1  1  1  > —   '  ' 

2.0    3.0       5.0    7.0     10  20      30        50    70    100  200 

IC,  COLLECTOR  CUR  RENT  (mA) 


0.1     0.2         0.5      1.0      2.0         5.0       10  20 
Vr,  REVERSE  VOLTAGE  (VOLTSI 
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MPS  -  U55 
MPS  -  U  56 


M)  MOTOROLA 


PNP  SILICON  ANNULAR 
AMPLIFIER  TRANSISTORS 


.  .  .  designed  for  general-purpose,  high-voltage  amplifier  and  driver 
applications. 

•  High  Collector-Emitter  Breakdown  Voltage  - 

BVcEO  "  60  Vdc  (Min)  @  lc=  1.0  mAdc  -  MPS-U55 
80  Vdc  (Min)  <°>  lc=  1.0  mAdc  -  MPS-U56 

•  High  Power  Dissipation  -  Pq  =  1 0  W  <s>  Tq  =  25°C 

•  Complements  to  NPN  MPS-U05  and  MPS-U06 


PNP  SILICON 
AMPLIFIER  TRANSISTORS 


MAXIMUM  RATINGS 

Rating 

Symbol 

MPS  U55 

MPS-U56 

Unit 

Collector-Emitter  Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base  Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base  Voltage 

VEB 

4.0 

Vdc 

Collector  Current  —  Continuous 

lie 

2.0 

Adc 

Total  Power  Dissipation  @  T/^  =  25°C 
Derate  above  25°C 

?D 

1.0 

8.0 

Watt 
mW/°C 

Total  Power  Dissipation  @  Jq  =  25°C 
Derate  above  25°C 

PO 

10 
80 

Watts 
mW/°C 

Operating  and  Storage  Junction 
Temperature  R  ange 

TJTstg 

-55  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Ambient 

R0JA(1> 

125 

°C/W 

Thermal  Resistance,  Junction  to  Case 

RflJC 

12.5 

°C/W 

(1)  R0JA  is  measured  with  the  device  soldered  into  a  typical  printed  circuit  board 

STYLE  I 

PIN  t,  EMITTER 

2  BASE 

3  COLLECTOR 


Vrl  I  I'M  It  US 


j  i  I  y| 


l  u 


1.40 


QQ 14  |  0016 


G  mt  ,   0  106 

O.MS)  0.055" 


Collector  Connected 
to  Tab 
CASE  152-02 
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MPS-U55,  MPS-U56 


ELECTRICAL  CHARACTERISTICS  (Ta  =  25°C  unless  otherwise  noted) 


Ch  a  rsc  tsr  istic 

Symbol 

Typ 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage  (1) 
(lc  =  1.0  mAdc,  lB  -  01  MPS-U55 

MPS-U56 

BVCEO 

60 
80 

Vdc 

Emitter-Base  Breakdown  Voltage 
(l£  "  lOOuAdc,  lc-  0) 

BVEBO 

4.0 

Vdc 

Collector  Cutoff  Current 
(VCB  =  40Vdc,  lE-0)  MPS-U55 
( VCB  -  60  Vdc,  1 E  =  01  MPS-U56 

ICBO 

100 
100 

nAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  111 
(lc  -  50  mAdc,  VCE  -  1.0  Vdc) 
( 1 C  -  250  mAdc.  VCE  =  1  0  Vdc) 
(lc  -  500  mAdc.  VCE  -  1.0  Vdc) 

nFE 

80 

50 

160 
130 
80 

Collector-Emitter  Saturation  VoltagelD 
(lc  -  250  mAdc,  lB  -  10  mAdc) 
dC  =  250  mAdc,  lB  =  25  mAdc) 

VCE(sat) 

0.22 
0.15 

0.5 

Vdc 

Base-Emitter  On  Voltage  (11 

dC  -  250  mAdc,  VCE  -  5.0  Vdc) 

VBE(on) 

0.78 

1.2 

Vdc 

SMALL-SIGNAL  CHARACTERISTICS 

Current-Gain-Bandwidth  Product  (1) 
(lc  -  250  mAdc,  VCE  -  5.0  Vdc,  f  =  100  MHz) 

<T 

50 

100 

MHz 

Output  Capacitance 
1 VCB  -  10  Vdc,  lE  =  0.  f  =  100  kHz) 

Cob 

10 

15 

pF 

IDPulse  T«st:   Pulse  Width  <300  MS,  Duty  Cycle  <2.0%. 

FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  "ON"  VOLTAGES 


TTTT~ 

TJ-25°C 


IC.  COLLECTOR  CURRENT  ImAI 


FIGURE  3  —  ACTIVE-REGION  SAFE 
OPERATING  AREA 


10       20  50       10       20  SO      100  200 

IC,  COLLECTOR  CURRENT  ImAI 


FIGURE  4  -  CURRENT-GAIN— BANDWIDTH  PRODUCT 

•a  300r 


3  0        ii  to 
VCt.  COLLECTOR  EWITTE  R  VOLTAGE  IV0LT5I 


1 

c 

1 

0  Vdc 

III 

!5°C 

lC.  COLLECTOR  CURRENT  fmAI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  second  breakdown.  Safe 
operating  area  curves  indicate  lc  -  VcE  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 


The  data  of  Figure  3  is  based  onTj(p|<)  -  150°C;  Tq  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values  less 
than  the  limitations  imposed  by  second, breakdown 
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MPS  ■  U57 


® 


MOTOROLA 


PNP  SILICON  ANNULAR 
AMPLIFIER  TRANSISTOR 


.  .  .  designed  for  general-purpose,  high-voltage  amplifier  and  driver 


applications. 


•  High  Colk 


i  Voltage  - 


BVcEO  =  100  Vdc  (Min)  @  lc  =  1.0  mAdc 
•  High  Power  Dissipation  -  PD  =  10  W@  Tc  =  25°C 


•  Complement  to  NPN  MPS-U07 


AMPLIFIER  TRANSISTOR 
PNP  SILICON 





m 

E    /  / 
B  / 

C 

MAXIMUM  RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

100 

Vdc 

Collector-Base  Voltage 

VCB 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

4  0 

Vdc 

Collector  Current  -  Continuous 

ic 

2.0 

Adc 

Total  Power  Dissipation  @>  TA  =  25°C 

PD 

Watt 

Derate  above  25°C 

8.0 

mW/°C 

Total  Power  Dissipation  @  Tq  =  25°C 

pd 

10 

Watts 

Derate  above  25°C 

80 

mW/°C 

Operating  and  Storage  Junction 

Tj,Tstg 

-55  to  +150 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

"ejc 

12.5 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

RejA 

125 

°C/W 

STYLE  1: 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

e 

660 

7.24 

0.260 

0.285 

1  c 

5.41 

5.66 

0213 

0.223 

D 

0  38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125, 

0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.476 

0.500 

L 

25.02 

25.53 

0.965 

1.005 

N 

5.06  BSC 

0.200  BSC 

a 

2.39 

2.69 

0.094 

0.106 

1.14 

1.40 

0.045 

0.055 

3-1247 


ELECTRICAL  CHARACTERISTICS  (TA  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min  T¥p 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Breakdown  Voltage  (1) 
<ic  =  1 .0  mAdc.  IB  =  0) 

BVCEO 

100 

Vdc 

Emitter-Base  Breakdown  Voltage 
IIC  -  lOOnAdc,  lE  =  01 

BVEBO 

4.0 

Vdc 

Collector  Cutoff  Current 
(VCB  =  40  Vdc.  IE  =  0) 

'CBO 

100 

nAdc 

ON  CHARACTERISTICS  ID 

DC  Current  Gain 
dc  =  50  mAdc.  Vqe  -  1-0  Vdc) 
llc  =  250  mAdc.  VCE  =  1.0  Vdc) 
dC  -  500  mAdc.  VCE  -  1.0  Vdc) 

"FE 

60 
30 

140 

65 
30 

Collector-Emitter  Saturation  Voltage 
llC  =  250  mAdc.  IB  5  10  mAdc) 
(IC  =  250  mAdc.  I B  =  25  mAdc) 

VCE(sat) 

0.24 
0.15 

0.5 

Vdc 

Base-Emitter  On  Voltage 
(lc  -  250  mAdc,  VCE  c  5.0  Vdc) 

vBEIon) 

0.78 

1.2 

Vdc 

SMALL-SIGNAL  CHARACTERISTICS 

Current-Gain-Bandwidth  Product  (1) 

(IC  =250  mAdc,  VCE  -  5.0  Vdc,  f  =  100  MHz) 

«T 

50 

100 

MHz 

Output  Capacitance 
(VCB  -  10  Vdc,  lE  -  0.  f  -  100  kHz) 

cob 

10 

15 

pF 

(1)  Pulse  Test:  Pulse  Width  <  300  (is.  Duty  Cycle  =S  2.0%. 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  "ON"  VOLTAGES 


\ 

E 

•  1.0  Vdc 

\ 

1 

=  25°C 

5.0   7.0  1Q 


50    70  100 
IC.  COLLECTOR  CURRENT  (mA) 


FIGURE  3  -  DC  SAFE  OPERATING  AREA 


FIGURE  4  -  CURRENT-GAIN  — BANDWIDTH  PRODUCT 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 

There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  second  breakdown.  Safe 
operating  area  curves  indicate \q  -  Vqe  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must 
not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 
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5.0  Vdc 

Tj  = 
tl 

25°C 

0   7.0     10           20  S 

0  7 

1 

0  2 

D 

so 

IC.  COLLECTOR  CURRENT  InAI 

The  data  of  Figure  3  is  based  onTj(p|<|  =  150°C;  Tq  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values  less 
than  the  limitations  imposed  by  second  breakdown. 
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® 


MOTOROLA 


PNP  SILICON  ANNULAR  TRANSISTOR 


.  .  .  designed  for  general-purpose  applications  requiring  high  break- 
down voltages,  low  saturation  voltages  and  low  capacitance. 


•  Complement  to  NPN  Type  MPS-U10 





MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter  Voltage 

vCEO 

300 

Vdc 

Col  lector -Base  Voltage 

VCB 

300 

Vdc 

Emitter  Base  Voltage 

^EB 

5.0 

Vdc 

Collector  Current  Continuous 

'C 

500 

Total  Power  Dissipation  @>  Ta  =  25°C 

PD 

10 

Watt 

Derate  above  25°C 

8.0 

mW/°C 

Total  Power  Dissipation  @  Tq  =  25°C 

Pd 

10 

Watts 

Derate  above  25°C 

80 

mW/°C 

Operating  and  Storage  Junction 

Tj.Tstg 

■55  to '150 

°C 

Temperature  Range 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

12.5 

°CW 

125 

°C'W 

ELECTRICAL  CHARACTERISTICS  ITA  -  25°C  unless  oth 

erwise  notec 

Characteristic                                                          |    Symbol    |     Mm     |     Max    |  Unit 

OFF  CHARACTERISTICS. 

Collector  Emitter  Breakdown  Voltage  (2) 
IIC  =  1  0  mAdc.  IR  =  0) 

BVCEO 

300 

Vdc 

Collector-Base  Breakdown  Voltage 
llC  =  lOO^Adc.  IE  =0! 

BVCBO 

300 

Vdc 

Emitter  Base  Breakdown  Voltage 
HE  =  lOuAdc.  IC  -  0) 

BVEB0 

:>  c 

Vdc 

Collector  Cutoff  Current 
(VCb  =  200Vdc.lE  =0) 

>CB0 

0.2 

Emitter  Cutoff  Current 
IVB£  =  3.0  Vdc.  IC  =  0] 

'ebo 

0.1 

tiAdc 

ON  CHARACTERISTICS 

DC  Current  Gain  (2) 
(IC  =  1  OmAdc.  VC6  =  10Vdc) 
IIC  -  10  mAdc.  Vce  "  10  Vdc) 
dC  =  30  mAdc.  Vce  =  10  Vdc) 

nFE 

25 
30 
30 

Collector-Emitter  Saturation  Voltage 
(IC  =  20  mAdc.  Ia  =2  0  mAdcl 

^CEIsati 

0.75 

Vdc 

Base -Emitter Saturation  Voltage 
(IC  =  20  mAdc,  lB  =  2.0  mAdc) 

vBEIsat) 

09 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain-Bandwidth  Product  12) 
(IC  =  10  mAdc  VCE  =  20  Vdc,  f  =  lOOMHzl 

h 

60 

MHz 

Col  lector -Base  Capacitance 
1  Vcb  ■  20  Vdc.  IE  =  0.  f  =  1  0  MHz) 

ccb 

8.0 

(1)  RfljA  is  measured  with  the  device  soldered  into  a  typical  printed  circuit  board. 

(2)  Pulse  Test:  Pulse  Width  <  300  ms,  Duty  Cycle  <.  2.0%. 


PNP  SILICON 
HIGH  VOLTAGE 


7 


STYLE  I: 

PIN  1.  EMITTER 

2.  BASE 

3.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.376 

8 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

0 

0  38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

_  0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

26.02 

25.53 

0.985 

1.005 

N 

5.08  BSC 

0.200  BSC 

a 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 
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MPS-U60 
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FIGURE  1  —  DC  CURRENT  GAIN 


Tj- 

I25°C 

I      I  I 

VnF  =  lOVdc 

♦  ?■! 

«T 

-55 

•> 

IC.COLLEI 


FIGURE  2 -CAPACITANCES 


FIGURE  3  -CURRENT  GAIN-BANDWIDTH  PRODUCT 
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FIGURE  4  -  "ON"  VOLTAGES 
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IC,  COLLECTOR  CURRENT  (mA) 
FIGURE  5  -  DC  SAFE  OPERATING  AREA 
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MPS  •  U95 

(M)  MOTOROLA 


PNP  SILICON  DARLINGTON 
AMPLIFIER  TRANSISTOR 

.  .  .  designed  for  amplifier  and  driver  applications. 

•  High  DC  Current  Gain  - 

hpE  ■  25,000  (Min)  <°>  Iq  =  200  mAdc 
15,000  (Min)  @  lC  =  500  mAdc 

•  Collector  Emitter  Breakdown  Voltage  - 

BVcES  ■  40  Vdc  (Min)  @  Iq  -  100uAdc 

•  Low  Collector-Emitter  Saturation  Voltage  - 

vCE(sat)  =  1 .5  Vdc  @  IC  =  1 .0  Adc 

•  Monolithic  Construction  for  High  Reliability 

•  Complement  to  NPN  MPS-U45 


PNP  SILICON 

DARLINGTON 

TRANSISTOR 


RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Emitter  Voltage 


Collector  Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -Continuous 


Total  Power  Dissipation  @       =  25°C 
Derate  above  25°C 


Total  Power  Dissipation  @  Tq  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


VCEO*' 


VCES 


Tj.Tstg 


1.0 
8.0 


10 
80 


Watt 
mW/°C 


Watts 
mW/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 


Thermal  Resistance,  Junction  to  Ambient 


Thermal  Resistance,  Junction  to  Case 


Symbol 


R9JA<2) 
R«JC 


12.5 


°C/W 


( 1 )  Due  to  the  monolithic  construction  of  this  device,  breakdown  voltages  of  both 
transistor  elements  are  identical.  BV^es 's  tested  in  lieu  of  BVceo  m  order  to 
avoid  errors  caused  by  noise  pickup.  The  voltage  measured  during  the  BV^ES 
test  is  the  BVceo  of  the  output  transistor. 

(2)  R0JA  is  measured  with  the  device  soldered  into  a  typical  printed  circuit  board, 


STYLE  1: 

PIN  1.  EMITTER 

3.  COLLECT" 


DIM    WIN  MA 


MILUMtTERS 


1 1  aTa 


CASE  152  02 


i 


;oo  bsc 
HS 
o.qs 
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MPS-U95 


ELECTRICAL  CHARACTERISTICS  (TA  =  25°C  unless  otherwise  notedl 

|  Characteristic  |     Symbol      |       Min  Typ  Max  Unit 


OFF  CHARACTERISTICS 


Collector-Emitter  Breakdown  Voltage 
dC  =  100  uAdc,  VBE  =  0) 

BVcES 

40 

Vdc 

Collector-Base  Breakdown  Voltage 
llc  -  100  uAdc,  lE  «  01 

BVCBO 

50 

Vdc 

Emitter-Base  Breakdown  Voltage 
(IE  =  10uAdc,  lc  =  01 

BVEB0 

10 

Vdc 

Collector  Cutoff  Current 
(VCB  =  30  Vdc.  le  =  01 

'CBO 

100 

nAdc 

Emitter  Cutoff  Current 
(VEB  -  8.0  Vdc.  IC  =  01 

lEBO 

100 

nAdc 

ON  CHARACTERISTICS)!) 


DC  Current  Gain 

IIC  =  200  mAdc,  VCE  =  5.0  Vdc) 
(lc  =  500  mAdc.  VCE  =  5  0  Vdc) 
IIC  -  1-0  Adc.  VCE  =  5.0  Vdc) 

"FE 

25,000 
15,000 
4,000 

43,000 
41,000 
35,000 

150,000 

Collector-Emitter  Saturation  Voltage 
He  "  10  Adc,  lB  -  2.0  mAdc) 

vCEIsat) 

1.0 

1.5 

Vdc 

Base  Emitter  Saturation  Voltage 
llc  -  10  Adc,  lB  =  2.0  mAdc) 

vBE(sat) 

1.85 

2.0 

Vdc 

Base  Emitter  On  Voltage 

He  -  10  Adc,  Vce  =  5.0  Vdc) 

vBE(on) 

17 

2.0 



Vdc 


DYNAMIC  CHARACTERISTICS 


Small-Signal  Current  Gain  (1) 

llc  =  200  mAdc.  VCe  =  5  0  Vdc,  f  =  100  MHz) 

|hfe| 

0  5 

1.6 

Collector  Base  Capacitance 

ccb 

2  5 

12 

pF 

IVCB  s  10  Vdc.  IE  =  0,  f  =  1.0  MHz) 

l1)Pulse  Test:   Pulse  Width  ;£  300  W*.  Duty  Cycle  <  2.0%. 


Uniwatt  darlington  transistors  can  be  used  in  any  number  of  low  power  applications,  such  as  relay  drivers,  motor  control  and  as  general 
purpose  amplifiers.  As  an  audio  amplifier  these  devices,  when  used  as  a  complementary  pair,  can  drive  3.5  watts  into  a  3.2  ohm  speaker  using 
a  14  volt  supply  with  less  than  one  per  cent  distortion.  Because  of  the  high  gain  the  base  drive  requirement  is  as  low  as  1  mA  in  th  is  application. 
They  are  also  useful  as  power  drivers  for  high  current  application  such  as  voltage  regulators. 


3-1252 


MPS-U95 


FIGURE  1  -  DC  CURRENT  GAIN 


FIGURE  2  -  SMALL-SIGNAL  CURRENT  GAIN 
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FIGURE  3  -  "ON"  VOLTAGES 


FIGURE  4  -  TEMPERATURE  COEFFICIENT 
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'C- COLLECTOR  CUR  RENT  (AMP) 


FIGURE  5  -  DC  SAFE  OPERATING  AREA 
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There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  junction  temperature  and  second  breakdown.  Safe 
operating  area  curves  indicate  lc~^CE  limits  of  the  transistor  that 
must  be  observed  for  reliable  operation;  i.e.,  the  transistor  must  not 
be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj{pk)  ?  150°C;  T^  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal  limi- 
tations will  reduce  the  power  that  can  be  handled  to  values  less 
than  the  limitations  imposed  by  second  breakdown. 
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NPN 


PNP 


TIP29  TIP30 
TIP29A  TIP30A 
TIP29B  TIP30B 
TIP29C  TIP30C 


® 


COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTORS 

.  .  .  designed  for  use  in  general  purpose  amplifier  and  switching 
applications.  Compact  TO-220  AB  package.  TO-66  leadform  also 
available. 


1  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

40  60-80  100  VOLTS 
30  WATTS 


MAXIMUM  RATINGS 


Collector-Emitter  Voltage 


Emitter-Sate  Voltage 


Collector  Current  - 
Peak 


Total  Power  Dissipation 
@  TC  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation 
0  TA  =  2S°C 
Derate  above  25°C 


Undamped  Inductive  Load 
Energy  iSee  Noie  31 


Operating  and  Storage  Juncti 
Temperature  Range 


TIP29 
TIP30 


TIP29A 
TIP30A 


TIP29B 
TIP30B 


TIP29C 
TIP30C 


Watts 
W/°C 


THERMA 


iL  CHARACTERISTICS 


Characteristic 

Symbol 

Mas 

Unit 

Thermal  Resistance,  Junction  to  Case 

4.167 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

RfJJA 

62  5 

°C/W 

ELECTRICAL  CHARACTERISTICS  ITC  .  25°c  unless  other„,se  noted! 


OFF  CHARACTER); 


STICS" 


Collector-Emitter  Sustaining  Voltage  (1 )                TIP29,  TIP30 
(lc  m  30mAdc,  lB  =  0]                                   TIP29A,  TIP30A 
T1P29B.TIP30B 
T1P29C.  TIP30C 

VCEO(ius) 

40 
60 
BO 
100 

Vdc 

Collector  Cutoff  Current 

(VCE  ■  30  Vdc.  IB  =  0)           TIP29.  T1P29A,  TIP30.  TIP30A 
(VCE  =  60  Vdc,  lB  ■  0)           TIP296,  TIP29C.  TIP30B,  TIP30C 

'CEO 

0.3 

0.3 

mAdc 

Collector  Cutoff  Current 

IVCE  =40  Vdc,  VEB  =  0)                               TIP29,  TIP30 
(VCE  =  60  Vdc.  VEB  =  01                               TIP29A,  TIP30A 
IVCE  =  80  Vdc,  VEB  =  01                               T1P29B,  TIP30B 
(VCE  -  100Vdc,VEB  =  0)  TIP29C.TIP30C 

'CES 

200 
200 
200 
200 

*iAdc 

Emitter  Cutoff  Current 
IVBE  =  5.0  Vdc,  lc  =  01 

'EBO 

1.0 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(lC  =  0.2  Adc,VCE  =4.0  Vdc) 
(lC=  1.0  Adc.VcE  "4-0  Vdcl 

"FE 

40 

15 

75 

Collector-Emitter  Saturation  Voltage 
(lC=  10  Adc.  IB-  125  mAdc! 

VCE(sat) 

0.7 

Vdc 

Base-Emitter  On  Voltage 

(IC  =  1  -0  Adc.  Vqe  ■  4.0  Vdc) 

vBE(onl 

1.3 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product  121 

<IC  -  200  mAdc,  VCE  -  10  Vdc,  ftell  =  1  MHz) 

*T 

3.0 

MHz 

Small-Signal  Current  Gain 

llC  =  0.2  Adc,  VCE  -  10  Vdc,  f  ■  1  kHz) 

"fe 

20 

ro  ,m* 


-j 


STYLE  1 
PIN  1  BASE 

2  COLLECTOR 
3.  EMITTER 
4  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

15  75 

0  575 

0  620 

B 

C 

965  [  10  29 
4  06  ;    4  82 

0  380 
0  160 

0  lot 

D       064  1   0  89 

F 
G 

241 

2  67 

B~i42 
0095 

0  105 

H 

2  79 

3  93 

0110 

0155 

J 

0  36 

0  56 

0014 

0  022 

K 

12  70 

1427 

0  SGC 

0  562 

L 

1  14 

1  39 

0  04' 

0  055 

N 

4  83 

5  33 

0  190 

0210 

0 

254 

3.04 

0  100 

0  120 

R 

2  04 

2  79 

0  080 

0  110 

S 

1  14 

1  39 

0  045 

0  055 

T 

5.97 

648 

0235 

0  255 

U 

0  00 

1  27 

0  000 

0050 

V 

1  14 

0.045 

z 

2.03 

- 

0  080 

CASE  221A42 
TO-220AB 


(II  Pulse  Test  Pulie  Width  <  300  us.  Duly  Cycle  <  2.0%. 

aHT-hi«l»'tMi 

(3)  This  rating  based  on  testing  with  Lc  ^  20  mH,  HBE  =  100  n,  Vcc  =  10  V.  Ic  =  1.8  A.  P.R.F. 


TIP29,  TIP29A,  TIP29B,  TIP29C,  NPN,  TIP30,  TIP30A,  TIP30B,  TIP30C,  PNP 


FIGURE  1  -  DC  CURRENT  GAIN 
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FIGURE  3  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT 
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t3  r—  Cjd    ■  Ceb 

II  <,;0ns 
100-  12    500us  -aov 
13    15  ns 


TURN  OFF  PULSE 


DUTY  CYCLE  .  2.0% 
APPR0X  -9.0  V 


RBandRC  VARIED  TO  OBTAIN 
OESIREO  CURRENT  LEVELS 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


FIGURE  2 -TUI 
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FIGURE  4  -  TURN-ON  TIME 


Mil  Ittttr 
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RATED  Vr 


vCE0 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  Ic-VcE  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 
curves  indicate. 

The  data  of  Figure  5  is  based  onTjjpk)  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjp^)  150°C.  At  high  case 
temperatures,  thermal  limitations  will  reduce  the  power  that  can 
be  handled  to  values  less  than  the  limitations  imposed  by  second 
breakdown. 


4.0  10  20  40 

VCE,  COLLECTOR  EMITTER  VOLTAGE,  (VOLTS] 
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TIP31A  TIP32A 
TIP31B  TIP32B 
TIP31C  TIP32C 


® 


MOTOROLA 


COMPLEMENTARY  SILICON  PLASTIC 

POWER  TRANSISTORS 

.  .  designed  for  use  in  general  purpose  amplifier  and  switching 

applications. 

• 

Collector-Emitter  Saturation  Voltage  — 

vCE(sat)  =  12  vdc  (Max|  @  'C  =  3  0  Adc 

• 

Collector-Emitter  Sustaining  Voltage  — 

vCEO(sus)  =  40  vdc  (Min|  _  TIP31,  TIP  32 

-  60  Vdc  (Min)  -  TIP31A,  TIP32A 

=  80  Vdc  (Min)  -  TIP31B,  TIP32B 

=  100  Vdc  (Min)  -  TIP31C,  TIP32C 

• 

High  Current  Gain  —  Bandwidth  Product 

f  x  =  3.0  MHz  (Min)  @  lc  =  500  mAdc 

• 

Compact  TO-220  AB  Package 

• 

TO-66  Leadform  Also  Available 

3  AMPERE 

POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

40-60-80-100  VOLTS 
40  WATTS 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collecto 


Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Base  Current 


Total  Power  Dissipation 
9  TC  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation 
@  TA  •  25°C 
Derate  above  25°C 


Undamped  Inductive 
Load  Energy  (1 ) 


Operating  and  Storage  Junction  Tj,Tstg 
Temperature  Range 


Symbol 


vCEO 


PD 


TIP31 
TIP32 


TIP31A 
TIP32A 


TIP31B 
TIP32B 


TIP31C 
TIP32C 


■  3.0  ■ 
-5.0- 


40  - 
0.32 


-  2.0 

-  0.016 


Watts 
W/°C 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

Rejc 

3.125 

°c«v 

Thermal  Resistance,  Junction  to  Ambient 

R0JA 

62.5 

°c/w 

111  IC  =  1.8  A,  L=  20  mH,  P.R.F.  =  10  Hz,  Vrjc  "  10  V,  RBE  -  100  SI. 

!  U  u  Ua 


XT* 


«rl  P- —  R 
JUj 


STYLE  1 
PIN  I.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4  COLLECTOR 


DIM 

MILLIMETERS 

IMC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

15.75 

0.575 

0  620 

B 

965 

1029 

0  380 

0  405 

C       4  06 

4  82 

0  160 

0  190 

D 

0  64 

0  89 

0025 

0  035 

F 

3.61 

3  73 

0  142 

0  147 

G 

241 

2  67 

0  095 

0  105 

H 

2  79 

393 

0  110 

0.155 

J 

0  36 

0  56 

0014 

0  022 

R 

1 2  70 

14  27 

0  500 

0  562 

L 

1  14 

1  39 

0045 

0  055 

N 

4  83 

533 

0  190 

0210 

a 

2  64 

3.04 

0  100 

0  120 

R 

2  04 

2  79 

0  080 

0  110 

S 

114 

1  39 

0045 

0  C55 

T 

597 

648 

0235 

0  255 

U 

000 

1  27 

0  000 

0  050 

V 

1  14 

0  04!, 

z 

2.03 

0.080 

CASE  221A432 
TO-220AB 
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TIP31,  TIP31A,  TIP31B,  TIP31C,  NPIM,  TIP32,  TIP32A,  TIP32B,  TIP32C,  PNP 


ELECTRICAL  CHARACTERISTICS    (Tc  =  25°C  unless  otherwise  notedl 


Unit 


Characteristic 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (11                    TIP31.  TIP32 
(lc-30mAdc.  IB  =  0I                                      TIP31  A,  TIP32A 

TIP31B,  TIP32B 
TIP31C,  TIP32C 

VcEOIsusI 

40 
60 
80 
100 

Vdc 

Collector  Cutoff  Current 

(Vce  "  30  Vdc,  lB  "  0)                   TIP31,  TIP31A.  TIP32,  TIP32A 
IVCE  ■  60  Vdc,  lB  =  01                     TIP31B,  TIP31C.  TIP32B,  TIP32C 

'CEO 

0.3 
0.3 

mAdc 

Collector  Cutoff  Current 

(VCE  "40  Vdc.  VEb  =  01  TIP31.TIP32 
IVCE  =  60  Vdc,  VE8  =0)                                 TIP31  A.  TIP32A 
IVCE-80Vdc,VEB=0l                                  TIP31B,  TIP32B 
IVCE  =  100  Vdc.  VEB  =  01                                TIP31C.  TIP32C 

ICES 

200 
200 
200 
200 

MAdc 

Emitter  Cutoff  Current 
(Vbe  =  5.0  Vdc,  lc  -  0) 

'EBO 

1.0 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

IIC  "  1.0  Adc.  VCE  "  4.0  Vdcl 
llr  -  3.0  Adc,  Vce  =  4.0  Vdcl 

nFE 

25 
10 

50 

Collector-Emitter  Saturation  Voltage 
llC  =  3.0  Adc,  lB  =  375  mAdcl 



vCE(sat) 

1.2 

Vdc 

Base-Emitter  On  Voltage 

llC  -  3.0  Adc,  VC£  =  4.0  Vdc) 

vBEIon) 

1.8 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product  (21 

(lc  -  500  mAdc.  VCE  =  10  Vdc.  f,est  =  1  MHz) 

'T 

3.0 

MHz 

Small-Signal  Current  Gain 

(lc  -  0.5  Adc,  VCE  "  10  Vdc,  f  =  1  kHz) 

Ihfel 

20 

(1)  Pulse  Test:  Pulse  Width  <  300  fis.  Duty  Cycle  < 
HI  fT  =  lhfe'«',es, 


40    4  0 


2.0%. 

FIGURE  1  -  POWER  DERATING 


1  '°  '  ° 


^    r  f 





1  , 



— ^ 

sis 

'  

60  80  100 

T,  TEMPERATURE  ("CI 


FIGURE  2  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT 


TURN-ON  PULSE 


120         140  160 

FIGURE  3  -  TURN-ON  TIME 


"lv     l\  l\    I  Maoris 

'\  1  100<t2<500us  -4.0V 

fe-  {  M-  '3<,5"! 

DUTY  CYCLE  *  2.0% 
TURN-OFF  PULSE  APPROX -3.0  V 

R8  Jnd  Rc  VARIED  TO  0BTAIN| DESIRED  CURRENT  LEVELS 


0.03 
0,02 


0.03      0.05  0.07   0.1  0  3       0.5    0.7  1.0 

'C.  COLLECTOR  CURRENT  (AMP) 
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TIP31,  TIP31A,  TIP31B,  TIP31C,  NPN,  TIP32,  TIP32A,  TIP32B,  TIP32C,  PNP 


FIGURE  4  -  THERMAL  RESPONSE 


Zojcm  '  'HI  Rojc 

BdjC  ■  3.125°  C/WMa« 

0  CURVES  APPLY  FOR  POWER 
PULSE  TRAIN  SHOWN 
READ  TIME  AT  t] 


12  — 

DUTY  CYCLE,  0  ■  I, /I; 

±_l  I     I    I    1  I 


Tjlpk)  -  Tc  ■  P|pk|  ZojC(i) 

J_J  Mill 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


10  20  50 

VCE,  COLLECTOR  EMITTER  VOLTAGE  IVOLTSI 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc  vCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tjipj^j  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tjjpk)  ^  150°C.  Tjjpk)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 
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TIP31,  TIP31A,  TIP31B,  TIP31C,  NPN,  TIP32,  TIP32A,  TIP32B,  TIP32C,  PNP 


FIGURE  8  —  DC  CURRENT  GAIN 


0.03      0.05  0.07    0.1  0.3        0.5    0  7  1.0 

IC,  COLLECTOR  CURRENT  (AMP) 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 
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FIGURE  11  -  TEMPERATURE  COEFFICIENTS 
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lc.  COLLECTOR  CURRENT  IAMPS) 


0  003  0  005    0.01  0.02 

IC.  COLLECTI 


0.05     0.1       0.2  0.3  0.5 
OR  CURRENT  (AMP) 


1.0      2.0  3.0 


FIGURE  12  -  COLLECTOR  CUT  OFF  REGION 


FIGURE  13  -  EFFECTS  OF  BASE-EMITTER  RESISTANCE 
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NPN  PNP 
TIP33  TIP34 

TIP33A    TIP34A  „ 

J!E1?  (M)  MOTOROLA 

TIP33C  TIP34C 


COMPLEMENTARY  SILICON 
HIGH-POWER  TRANSISTORS 

. . .  forgeneral-purpose  power  amplifier  and  switching  applications. 

•  10  A  Collector  Current 

•  Low  Leakage  Current  —  Iqeo  =  0.7  mA  <5>  30  and  60  V 

•  Excellent  dc  Gain  —  hpE  =  40  Typ  @  3.0  A 

•  High  Current  Gain  Bandwidth  Product  —  hfe  =  3.0  min  @  lc  = 

0.5  A,  f  =  1.0  MHz 


10  AMPERE 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

40-100  VOLTS 
80  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

TIP33 
TIP34 

TIP33A 
TIP34A 

TIP33B 
TIP34B 

TIP33C 
TIP34C 

Unit 

Collector-Emitter  Voltage 

VCEO 

40  V 

60  V 

80  V 

100  V 

Vdc 

Collector-Base  Voltage 

VCB 

40  V 

60  V 

80  V 

100  V 

Vdc 

Emitter-Base  Voltage 

vEB 

Vdc 

-«  5  0   

Collector  Current  —  Continuous 
Peakll) 

'C 

Adc 

 10  — 

-m  15  »- 

Base  Current  —  Contlnous 

'B 

—  3.0  mi 

Adc 

Total  Power  Dissipation 
@  Tc  =  25°C 
Derate  above  25°C 

PD 

—                        80  »- 

Watts 

W/°C 

«a  0  64  — 

Operating  and  Storage  Junction 
Temperature  Range 

TJTstg 

-65  to  <  150 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R8JC 

1  56 

°C/W 

Junction-To-Free-Air  Thermal  Resistance 

"8JA 

35  7 

°C/W 

( 1 1  Pulse  Test:  Pulse  Width  =  1 0  ms.  Duty  Cycle  S 1 0%. 


500 

200 
jf  100 

FIGURE  1  -  DC  CURRENT  GAIN 

-VC[ 

=  4 

n  i 

=  25°C 

-Tj 

5  50 

o 

U 

O 

20 

10 

50 
0 

,  NPN 

 PNP 

v. 

\ 
s, 

s 

1                                    10  10 
lc.  COLLECTOR  CURRENT  (A) 

STYLE  1 
1  SASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

20  32 

21.08 

0  800 

0830 

I 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

508 

0.165 

0200 

0 

1.02 

1.65 

0-040 

0.065 

E 

1.35 

1.65 

0  053 

0065 

G 

5.21 

572 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

038 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

n 

12.19 

12  70 

0  480 

0  500 

a 

4.04 

4.22 

0.159 

0.166 

CASE  340-01 
TO-218AC 
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TIP33,  TIP33A,  TIP33B, 


TIP34C 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


OFF  CHARACTERISTICS 


TIP33A.  TIP34A 
TIP33B,  TIP34B 
TIP33C,  TIP34C 

BVcEO 

40 
60 
80 
100 

Vdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  30  V,  lB  =  0)             TIP33,  TIP33A.  TIP34.  TIP34A 
(VCE  ?  60  V,  lB  =  0)             TIP33B,  TIP33C,  TIP34B,  TIP34C 

ICEO 

0.7 
0.7 

mA 

Collector-Emitter  Cutoff  Current 
(VCE  =  Rated  VCE0,  VEB  =  0) 

Ices 

0.4 

mA 

Emitter-Base  Cutoff  Current 
(VEB  =  5.0  V,  lc  =  0) 

Iebo 

1.0 

mA 

ON  CHARACTERISTICS  (1 1 


DC  Current  Gain 
(lc=  10  A.  VCE  =  4.0  V) 
dC  =  3.0  A,  VcE  =  4.0  V) 

nFE 

40 

20 

100 

Collector-Emitter  Saturation  Voltage 
(lC  =  3.0  A  lB  =  0.3  A) 
(lc=10A.IB  =  2.5A) 

vCE(sat) 

1.0 

4.0 

Vdc 

Base-Emitter  On  Voltage 
dC  =  3.0  A,  VCE=  4.0  V) 
(lc  =  10  A,  VCE  =  4  0  V) 

vBE(on) 

1.6 
3.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 
(lc=0.5  A,  VCE=10V,f=1.0kHz) 

"fe 

20 

Current-Gain — Bandwidth  Product  (2) 
(lc  =  0.5  A,  VCE  =  10  V,  f  =  1 .0  MHz) 

<T 

3.0 

MHz 

FIGURE  2 


-  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA 


FIGURE  3  -  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPERATING  AREA 


~n   i  r 

L  =  200  nH 
lc/lB3>5.0 
-  VBE(off)  =  0  io  5.0  V  . 
TC=  100°C 


1.0         2D    3.0      5  0   7  0    10  20     30  50 

VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS] 

FORWARD  BIAS 

The  Forward  Bias  Safe  Operating  Area  represents 
the  voltage  and  current  conditions  these  devices  can 
withstand  during  forward  bias.  The  data  is  based  on  Tq  b 
25° C;  Tj(pk)  is  variable  depending  on  power  level.  Second 
breakdown  pulse  limits  are  valid  for  duty  cycles  to  1 0%, 
and  must  be  derated  thermally  for  Tc  >  25°C. 


20  40  60  80 

VCE,  COLLECTOR  EMITTER  VOLTAGE  (VOLTS) 

REVERSE  BIAS 

The  Reverse  Bias  Safe  Operating  Area  represents 
the  voltage  and  current  conditions  these  devices  can  with- 
stand during  reverse  biased  turn-off.  This  rating  is  verified 
under  clamped  conditions  so  the  device  is  ne 
to  an  avalanche  mode. 
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NPN  PNP 

TIP35  TIP36 

TIP35A  TIP36A  /TTn 

TIP35B  TIP36B  (M)  MOTOROLA 

TIP35C  TIP36C 


COMPLEMENTARY  SILICON 
HIGH-POWER  TRANSISTORS 

...  for  general-purpose  power  amplifier  and  switching  applications. 

•  25  A  Collector  Current 

•  Low  Leakage  Current  —  IcEO  =  1  -0  mA  @  30  and  60  v 

•  Excellent  dc  Gain  —  hpr£  =  40  Typ  @  1  5  A 

•  High  Current  Gain  Bandwidth  Product  —  (hfe  =  3.0  min  @  Iq  = 

1.0  A,  f  =  10  MHz 


25  AMPERE 
COMPLEMENTARY  SILICON 
POWER  ■ 

40-100  VOLTS 
1  2B  WATTS 


MAXIMUM  RATINGS 


Rating 

Symbol 

TIP35 
TIP36 

TIP35A 
TIP36A 

TIP35B 
TIP36B 

TIP35C 
TIP36C 

Unit 

Collector  Emitter  Voltage 

VCEO 

40  V 

60  V 

80  V 

too  V 

Vdc 

Collector-Base  Voltage 

VCB 

40  V 

60  V 

80  V 

100  V 

Vdc 

Emitter  Base  Voltage 

VEB 

Vdc 

  5  0  *■ 

Collector  Current  —  Continuous 
Peak  11) 

ic 

U                        25   *■ 

Adc 

  40   »- 

Base  Current  —  Continous 

'B 

Adc 

•«                          50   »- 

Total  Power  Dissipation 

m  Tc  = 25°C 
Derate  above  25°C 

  125   »- 

Watts 

W/°C 

•*                         1  0   

Operating  and  Storage  Junction 
Temperature  Range 

TJ-Tstg 

65  to  »150 

°C 

Undamped  Inductive  Load 

ESB 

90 

mj 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R»JC 

10 

°C'W 

Junction-To-Free-Air  Thermal  Resistance 

Ijja 

357 

•C  W 

( 1 )  Pulse  Tesi   Pulse  Width  =  10  ms.  Duty  Cycle  ^  1 0% 


125 

FIGURE  1 

—  POWER  DERATING 

J 

t  100 

5 

PATION  |l 

1 

0 

( 

25 

50          75          100         125  150 
TC.  CASE  TEMPERATURE  l"CI 

175 

STYLE  1 : 

1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20  3  2 

21  OB 

0  800 

0.830 

■ 

15.49 

15.90 

0610 

0  626 

C 

4  19 

5  08 

0165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 
H 

5.21 

5.72 

0.205 

0.225 

241 

3.20 

0.095 

0126 

J 

0.38 

064 

0.015 

0.025 

K 

12.70 

15  49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

Q 

404 

4.22 

0.159 

CASE  340-01 
TO-218AC 
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TIP35,  TIP35A.  TIP35B,  TIP35CNPIM,  TIP36,  TIP36A,  TIP36B.  TIP36CPNP 


ELECTRICAL  CHARACTERISTICS  (Tc=  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1) 
(lc=30mA,  lB  =  0)                                    TIP35,  TIP36 

TIP35A,  TIP36A 
TIP35B,  TIP36B 
TIP35C.  TIP36C 

BVCE0 

40 
60 
80 
100 

Vdc 

Collector-Emitter  Cutoff  Current 
(VCE  =  30  V.  IB  =  0|             TIP35.  TIP35A,  TIP36.  TIP36A 
(VCE  =  60  V.  IB  =  0|             TIP35B,  TIP35C.  TIP36B,  TIP36C 

'CEO 

10 

1.0 

mA 

Collector-Emitter  Cutoff  Current 
(VCE  =  Rated  VCEO.  VEB  ■  0) 

'CES 

0.7 

mA 

Emitter-Base  Cutoff  Current 
(VEB  =  5  0  V.  IC  =  0) 

!EBO 

1.0 

 m7  

mA 

ON  CHARACTERISTICS  |1| 

DC  Current  Gain 
(IC  =  1 .5  A,  VCE  =  4.0  V] 
(lC  =  1 5  A.  VCE  =  4.0  V) 

"FE 

25 
15 

75 

Collector-Emitter  Saturation  Voltage 
(lc=  15  A.  IB  =  1  5  A) 
(lC  =  25  A.  IB=  5  0  A) 

vCE(satl 

1.8 
4.0 

Vdc 

Base-Emitter  On  Voltage 
(lc=  15  A.  VCE  =  4.0  V| 
dc=  25  A.  Vce  =  4  0  V) 

VBE(on) 

20 
40 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 
dC  =  1 .0  A.  Vce  =  1 0  V.  f  =  1 .0  kHz) 

hfe 

25 

Current-Gain— Bandwidth  Product  (2) 
(lC  =  1 .0  A.  VfjE  =  10  V.  f  =  1 .0  MHz) 

<T 

3  0 

MHz 

IDPuiseTest  Pulse  Width  =  300  „s.  Duty  Cycle  S2  0% 


FIGURE  2  -  SWITCHING  TIME  EQUIVALENT 
TEST  CIRCUITS 


DU1Y  CYCLE  •  2.0%  lc.  COLLECTOR  CURRENT  (AMPERES! 


FOR  CURVES  OF  FIGURES  3  &  4.  RB  &  RLABE  VARIED 
INPUT  LEVELS  ARE  APPROXIMATELY  AS  SHOWN 
FOR  NPN.  REVERSE  ALL  POLARITIES. 
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TIP35,  TIP35A,  TIP35B,  TIP35C,NPN,  TIP36,  TIP36A,  TIP36B,  TIP36CPNP 


FIGURE  4  -  TURN-OFF  TIME 


FIGURE  5  —  DC  CURRENT  GAIN 


0  3        0.5    0.7     1.0  2.0     3.0        5.0    7.0     10  20  30 

IC.  COLLECTOR  CURRENT  (AMPERES) 


0  1      0  2        0  5      10      2  0        5  0      10      20         50  100 
lC.  COLLECTOR  CURRENT  (AMPS) 


FORWARD  BIAS 

There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  lc_vCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i  e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  6  is  based  on  Tq  =  25°C.  Tj(pk)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  when  Jq  ^  25°C  Second  breakdown  limitations 
do  not  derate  the  same  as  thermal  limitations 


REVERSE  BIAS 

For  inductive  loads,  high  voltage  and  high  current  must 
be  sustained  simultaneouslyduring  turn-off,  in  most 
cases,  with  the  base  to  emitter  junction  reverse  biased. 
Under  these  conditions  the  collector  voltage  must  be  held 
to  a  safe  level  at  or  below  a  specific  value  of  collector 
current.  This  can  be  accomplished  by  several  means  such 
as  active  clamping,  RC  snubbing,  load  line  shaping,  etc. 
The  safe  level  for  these  devices  is  specified  as  Reverse 
Bias  Safe  Operating  Area  and  represents  the  voltage- 
current  conditions  during  reverse  biased  turn-off  This 
rating  is  verified  under  clamped  conditions  so  that  the 
device  is  never  subjected  to  an  avalanche  mode.  Figure  7 
gives  RBSOA  characteristics. 


FIGURE  6  -  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA 


1  0  2  0    3  0       5  0   7  0    10  20     30       50    70  100 

VCE-  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 

FIGURE  7  -  MAXIMUM  RATED  REVERSE  BIAS 
SAFE  OPERATING  AREA 
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TIP35,  TIP35A.  TIP35B.  TIP35C.NPN,  TIP36,  TIP36A,  TIP36B,  TIP36CPIMP 


FIGURE  8  -  INDUCTIVE  LOAD  SWITCHING 
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NOTES: 

A.  LI  and  L2  are  10  mH.  0  1 1  !1.  Chicago  Standard  Transformer  Corporation  C-2688.  or  equivalent 
B    Input  pulse  width  is  increased  until        -  -3  0  A 
C    ForNPN.  reverse  all  polarmes. 
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MOTOROLA 





COMPLEMENTARY  SILICON  PLASTIC 
POWER  TRANSISTORS 

.  .  .  designed  for  use  in  general  purpose  amplifier  and  switching 
applications. 

•  Collector-Emitter  Saturation  Voltage  - 

VCE(sat)  =  1.5  Vdc  (Max)  <§>  lc  =  6.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  — 

vCEO(sus)  =  40  Vdc  (Min)  -  TIP41 ,  TIP42 

=  60  Vdc  (Min)  -  TIP41  A,  TIP42A 
=  80  Vdc  (Min)  —  TIP41 B,  TIP42B 
=  100  Vdc  (Min)  -TIP41C,TIP42C 

•  High  Current  Gain  -  Bandwidth  Product 

fT  =  3.0  MHz  (Min)  @  lc  =  500  mAdc 

•  Compact  TO-220  AB  Package 

•  TO-66  Leadform  Also  Available 


•MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 
Peak 


Base  Current 


Total  Power  Dissipation 
19  Tc  -  25°C 
Derate  above  25°C 


Total  Power  Dissipation 
(§>  TA  ■  25°C 
Derate  above  25°C 


Undamped  Inductive 
Load  Energy  (1 ) 


Operating  and  Storage  Junction 
Temperature  Range 


Symbol 


vCEO 


VCB 


TJ.Tstg 


TIP41 
TIP42 


TIP41A 
TIP42A 


TIP41B 


TIP41C 
TIP42C 


6 

10- 


65  - 
0.52 


2.0 
0.016 


_  -b 


Watts 
W/°C 


Watts 
W/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R0JC 

1.92 

°C/W 

Thermal  Resistance  ,  Junction  to  Ambient 

R«JA 

62.5 

°C/W 

(11  lc  -  2.5  A.L  -  20  mH.  P.R.F.  -  10  Hz.  Vcc  . 

10V,  RBE- 

100  n. 

6  AMPERE 
POWER  TRANSISTORS 
COMPLEMENTARY  SILICON 

40-60-80-100  VOLTS 
65  WATTS 


-J  L, 


STYLE  1: 
PIN  I  BASE 

2.  COLLECTOR 

3.  EMITTER 

4  COLLECTOR 


-  B  - 

1 

Q 

I 

n 

P 

—  L 
—  G 

0— 

u 

N 

DIM 

MILLIMETERS 

INCHES 

Mill 

MAX 

MIN  1  MAX 

A 

14  60 

1576 

0  575  1  0  620 

I 

9  65 

10  2  3 

1)  380    0  405 

C 

4  06 

482 

0  160    0  190 

0  64  i   0  89 

0  025    0  035 

r?- 

361 

3  73 

0  142 

0  147 

G 

2  41 

267 

0  095 

0  105 

H 

2  79 

3  93 

o  no 

0  155 

J 

0  36 

0  56 

0014 

0  022 

K 

12  70 

1427 

0  500 

0  562 

L 

1  14 

1  39 

0  045 

0  055 

I) 

483 

b  33 

0190    0  210 

0 

2  54 

3  04 

0  100    0  120 

R 

2  04 

2  79 

0  080    0  110 

S 

-  '1 

1  39 

0  045 

0  055 

T 

5  97 

6  48 

0  235 

0  255 

U 

0  DO 

1  27 

0  000 

0  050 

V 

1  14 

0  045 

z 

2  03 

0  080 

CASE  221A-02 
TO-220AB 
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TIP41,  TIP41A,  TIP41B,  TIP41C,  NPN,  TIP42.  TIP42A, 


ELECTRICAL  CHARACTERISTICS    (Tc  -  25°C  unless  otherwise  noted) 


Characteristic 


Symbol 


TERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 
(lc  -  30  mAdc,  Ib  -  0) 


TIP41.TIP42 
TIP41A.TIP42A 
TIP41B.TIP42B 
TIP41C.TIP42C 


vCEO(susl 


40 
60 
80 
100 


Collector  Cutoff  Current 
(VCE«30Vdc.  IB  =  0> 
IVce  ■  60  Vdc,  le  -0) 


'CEO 


TIP41 ,  TIP41  A,  TIP42,  TIP42A 
TIP41  B,  TIP41C.  TIP42B,  TIP42C 


0.7 
0.7 


Collector  Cutoff  Current 
(VCE  -40  Vdc,VEB-0) 
(VCE  =  60Vdc,  VEB=0) 
(VCE-80Vdc,VEB  =  0) 
(VCE  =  100Vdc.VEB  =  0) 


TIP41.TIP42 
TIP41A.TIP42A 
TIP41B.TIP42B 
TIP41C.TIP42C 


Ices 


jiAdc 


400 
400 
400 
400 


Emitter  Cutoff  Current 
(Vbe  "  5.0  Vdc,  lc  ■ 


lEBO 


1.0 








DC  Current  Gain 

llc-0.3Adc,  VCE-4.0  Vdcl 
(lc  =  3  0Adc,  VCE  =  4.0  Vdcl 

hFE 

30 
15 

75 

Collector-Emitter  Saturation  Voltage 
(lc  -  6.0  Adc.  IB  =  600  mAdc) 

VcE(sat) 

_ 

1.5 

Vdc 

Base-Emitter  On  Voltage 

llc  -  6.0  Adc.  VCE  =  4.0  Vdc) 

VBEIon) 

2.0 

Vdc 

DYNAMIC  CHARACTERISTICS 

Current  Gain  -  Bandwidth  Product  (2) 

(lc  -  500  mAdc.  VCE  -  10  Vdc,  ftest  =  1  MHz) 

<T 

3.0 

MHz 

Small-Signal  Current  Gain 

(lc  =  0.5  Adc.  VCE  =  10  Vdc,  f  =  1  kHz) 

Ihfel 

20 

(1)  PulseTest:  Pulsewidth  «;  300  us.  Duty  Cycle  <  2.0%. 

(2)  ff  Ihfel ''test 


ta  tc 

4.0  80 


5  3.0  60 

s 


2  2  0  40 
8 


FIGURE  1  -  POWER  DERATING 


60  80  100 
T.  TEMPERATURE  l°C) 


FIGURE  2  -  SWITCHING  TIME  TEST  CIRCUIT 


FIGURE  3  -  TURN-ON  TIME 
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RB  and  Rc  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
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MSD6100  USED  BELOW  IB  -100  mA 
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IC,  COLLECTOR  CURRENT  (AMP) 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


10  20  40  60      80  100 

VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  iQ'^CE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  15Q°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p[<)  ^  150°C.  Tj(p|<)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


FIGURE  6  -  TURN-OFF  TIME 


FIGURE  7  -  CAPACITANCE 


0.07 
0.05 


-Tj» 

25°C  - 
•30  V 
3=10  " 

ic/i 

t 

s 

—  IB1 

-  'B2 

s 

■< 

tf  r* 

— , 

0.06       0.1  0.2  0.4     0.6        1.0  2.0  4.0  6.0 

fjj  COLLECTOR  CURRENT  (AMP) 


30  L 
0.5  1.0 


■25° 

—  Tj 

c  

c 

b 

c 

I] 

2.0     3.0       5.0  10  20      30  50 

Vr,  REVERSE  VOLTAGE  (VOLTS) 


3-1268 


TIP41,  TIP41A,  TIP41B,  TIP41C,  NPN,  TIP42,  TIP42A,  TIP42B,  TIP42C,  PNP 


FIGURE  8  —  DC  CURRENT  GAIN 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 
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FIGURE  10  -  "ON"  VOLTAGES 


FIGURE  1 1  -  TEMPERATURE  COEFFICIENTS 
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FIGURE  12  -  COLLECTOR  CUT-OFF  REGION 
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TIP47  TIP48 
TIP49  TIP50 


® 


MOTOROLA 


HIGH  VOLTAGE  NPN  SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  line  operated  audio  output  amplifier,  Switchmode 
power  supply  drivers  and  other  switching  applications. 

•  250  V  to  400  V  (Min)  -VCE0(sus) 

•  1  A  Rated  Collector  Current 

•  Popular  TO-220  Plastic  Package 

•  TO-66  Leadform  Available 


1.0  AMPERE 

POWER  TRANSISTORS 
NPN  SILICON 

250-300-350-400  VOLTS 
40  WATTS 


MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current-Continuous 
Peak 


Base  Current 


Total  Power  Dissipation 
®>  TC  =  25°  C 
Derate  above  25°  C 


Total  Power  Dissipation 

S>  TA  -  25°  C 
Derate  above  25°  C 


Undamped  Inducting  Load 
Energy  (See  Figure  81 


Operating  and  Storage  Junction  Tj.TSIg 
Temperature  Range 


Symbol 


vCEO 


1.0 
2  0 


-  40  - 
-0.32 


-  2.0  - 
0.016 


Watts 
W/°C 


Watts 


THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

R0JC 

3  125 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R8JA 

62  5 

°C/W 

ta  tc 

4  40 

FIGURE  1  -  POWER  DERATING 
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§    3  30 

z 
o 

1 

1  2  20 

o 
re 

3 
o 

"-.  1  10 
g 

"■3? 

0  0 

D          29          40         60          80  100 

TC  CASE  TEMPERATURE  (°CI 

120        140  160 

STYLE  I: 
PIN  I.  BASE 

2  C0LIECT0R 

3  EMITTER 

4  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

15  75 

D  57b 

nun 

B 

9  66 

1029 

0  380 

0  405 

C 

4  06 

482 

0  160 

0  130 

D 

0  64     0  89 

0  025 
0  142 

0  035 
0  147 

F 

3  61.   3  73 

G 

2  41 

2  67 

0  095 

0  10b 

H 

279 

3  93 

b  i  io" 

0  Ibb 

J 

0  36 

0  56 

0014 

0  022 

K 

12  70 

14.27 

0  500 

0  562 

I 

1  14 

1  39 

0  045 

0  055 

N 

4  83 

5  33 

0  190 

0210 
0  120 
0  110 

a 

2  64 

3  04 

0  100 

R 

2  04 

2  79 

0080 

s 

1.14 

1  39 

0045 

0  055 

T 

5  97 

6  48 

0  236 

0  255 

u 

0  00 

1  27 

0  000 

0  050 

V 

1  14 

C  04= 

z 

-    1  2  03 

0  080 

CASE  221A-02 
TO-220AB 
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TIP47,  TIP48,  TIP49,  TIP50  NPIM 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  notedl 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (11  TIP47 
(IC  =  30mAdc,  lB  -  0)  TIP48 

VcEOIsus) 

250 
300 

- 

Vdc 

TIP49 

350 

TIP50 

400 

Collector  Cutoff  Current 

'CEO 

mAdc 

(VCE  =  150  Vdc,  lB  -  0) 

TIP47 

1.0 

(VCE  "200  Vdc.  IB  =  0) 

TIP48 

1.0 

IVCE  =  250  Vdc,  lB  =  0) 

TIP49 

1.0 

(VCE  -  300  Vdc,  lB  =  01 

TIP50 

1.0 

Collector  Cutoff  Current 

ices 

mAdc 

(VCE  -350  Vdc,  VBE  =  01 
<VCE  "  4°0  Vdc,  VBE  •  01 

TIP47 

1.0 

TIP48 

1.0 

IVCE  »  450  Vdc,  VBE  =  01 

TIP49 

1.0 

(VCE  ■  500  Vdc,  VBE  -  0) 

TIP50 

1.0 

Emitter  Cutoff  Current 

!eB0 

1.0 

mAdc 

(VBE  =  5.0  Vdc.  Ic  -  01 



ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

"FE 

(lc  =  0.3  Adc,  VCE  =  10  Vdcl 

30 

150 

(lc  =  1.0  Adc.  VCE  =  10  Vdcl 

10 

Collector-Emitter  Saturation  Voltage 
llc  -  1.0  Adc,  lB  -  0.2  Add 

VcE(sat) 

1.0 

Vdc 

Base-Emitter  On  Voltage 

VBE(on) 

1.5 

Vdc 

(IC  =  1.0  Adc,  VCE  =  10  Vdc) 

DYNAMIC  CHARACTERISTICS 

Current  Gain  —  Bandwidth  Product 

fr 

10 

MHz 

He  -  0.2  Adc,  VCE  -  10  Vdc,  f  = 

2.0  MHz) 

Small-Signal  Current  Gain 



hfe 

25 

dC  =  0.2  Adc.  VCE  =  10  Vdc,  f  = 

1.0  kHz) 

111  Pulse  Test:  Pulsewidth  <  300  ys.  Duty  Cycle  <  2.0%. 

FIGURE  2  -  SWITCHING  TIME  EQUIVALENT  CIRCUIT 


FIGURE  3  -  TURN-ON  TIME 


TURN -ON  PULSE 
APPROX     ,  ,  VCC  O- 

'  »1 


TURN-OFF  PULSE 


DUTY  CYCLE  «  2.0% 
APPROX  -9.0  V 


RrjandRc  VARIED  TO  OBTAIN 
DESIRED  CURRENT  LEVELS. 


i 


Tj  i  25"  C 
VCC  =  200  V- 
C  IB  =  5  0 


0.1  0  2  0,6  1.0 

l6  COLLECTOR  CURRENT  (AMPS) 
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TIP47,  TIP48,  TIP49,  TIP50  NPN 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  -  ACTIVE  REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc~vCE  limits  of  the  transistor 
that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tjjp^ )  =  150°C.  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p(<)  <J  150°C.  Tj(p|<)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown. 


5.0  10  20  50  100  200  500 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  6  -  TURN-OFF  TIME  FIGURE  7  -  TEMPERATURE  COEFFICIENTS 
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TIP47,  TIP48,  TIP49,  TIP50  NPN 


FIGURE  8  -  INDUCTIVE  LOAD  SWITCHING 


Vce  Monitor 


+_L  VCC  =  20  V 
Iq  Monitor 


Note  A:  Input  pulse  width  is  increased  until  lCM  =  0.63  A. 


Voltage  and  Current  Waveforms 


tw  ^  3  ms 
(See  Note  A) 


VcE(sat) 


FIGURE  9  —  DC  CURRENT  GAIN 


FIGURE  10  -  "ON"  VOLTAGES 
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NPN 


PNP 


TIP100  TIP105 
TIP101  TIP106 
TIP102  TIP107 


® 


PLASTIC  MEDIUM  POWER 
COMPLEMENTARY  SILICON  TRANSISTORS 

.  .  .  designed  for  general-purpose  amplifier  and  low-speed  switching 
applications. 

•  High  DC  Current  Gain  - 

hFE  =  2500  (Typ)  @  lc  =  4.0  Adc 

•  Collector-Emitter  Sustaining  Voltage  -  <g>  30  mAdc 

vCEO(sus)  =  60  Vdc  (Min) -TIP100,  TIP105 
'  80  Vdc  (Mini  -  TIP101,  TIP106 
=  100  Vdc  (Mini  -  TIP102,  TIP107 

•  Low  Collector-Emitter  Saturation  Voltage  - 

vCE(sat)  =  2.0  Vdc  (Max)  @  Iq  =  3.0  Adc 
=  2.5  Vdc  (Max)  @  Iq  =  8.0  Adc 

•  Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistors 

•  TO-220AB  Compact  Package 

•  TO-66  Leadform  Also  Available 





•MAXIMUM  RATINGS 


TIP100,    TIP101,  TIP102, 


Rating 


Collector-Emitter  Voltage 


Unit 

Vdc 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 
Peak 


Base  Current 


Total  Power  Dissipation  @  Tq  -  25°C 
Derate  above  25°C 


Undamped  Inductive  Load  Energy  (1) 


Total  Power  Dissipation  <s>  TA  =  25°C 
Derate  above  25°C 


Operating  and  Storage  Junction 
Temperature  Range 


PD 


Pd 


Tj.  Tstg 


-  8.0- 

-  15  - 


-  2.0  - 
■  0.016 


-65  to +150 


Watts 
W/°C 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R«jc 

1.56 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R9JA 

62.5 

°c/w 

(1)  lc  =  1.1  A,  L-  50  mH,  P.R.F.  =  10  Hz,  Vqc  -  20  V,  RBg  -  100  ST. 


DARLINGTON 
8  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60-80-100  VOLTS 
80  WATTS 


FIGURE  1  -  POWER  DERATING 
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£   1.0  20 
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GO  80  100  120  140  160 
T.  TEMPERATURE  CO 


STYLE  1 

PIN  I  BASE 
2  COLLECTOR 
3.  EMITTER 
4  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN   1  MAX 

A 

14  60 

15  75 

0  575    0  620 

B 

9  65 

1029 

0  380    0  405 

C 

4  06     4  82 

0  160    0  190 

0       0  64 

F  361 

0  89 
3  73 
2  67 

0  025    0  035  1 
0 142    0 147 
0095    0  105 

G 

2  41 

H 

2  79 

3  93 

0  110    0  155 

J 

0  36 

0  56 

0  014    0  077 

K 

1?  70 

14  11 

0  500    0  562  1 

L 

1  14 

1  39 

0  045    0  055 

N 

4  83 

5  33 

0  190    0  210 

0 

2  54 

304 

0  100    0  120, 

R 

2  04 

2  79 

0  080    0  110 

S 

114 

1  39 

0  045 

0  055 

T 

5  97 

6  48 

0  235 

0  255 

U 

0  00 

1  27 

0  000 

0  050 

V 

1  14 

0  045 

z 

2  03 

0  080 

CASE  221ATO 


3-1274 


TIP100,  TIP101,  TIP102  NPN/TIP105,  TIP106,  TIP107  PIMP 


ELECTRICAL  CHARACTERISTICS  (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  11) 

(lc  =  30mAdc,  lB  =  0)                                     TIP100,  TIP105 

TIP101,  TIP106 
TIP102,  TIP107 

vCEO  (sus) 

60 
80 
100 

Vdc 

Collector  Cutoff  Current 

(VCE  =30  Vdc,  lB  =  0)  TIP100.TIP105 
(VCE -40  Vdc,  lB  -  0)                                     TIP101,  TIP106 
(VCE  -  SO  Vdc,  lB  =  0)                                     TIP102,  TIP107 

ICEO 

50 
50 
50 

uAdc 

Collector  Cuttoff  Current 

(VCB  -  60  Vdc.  IE  -  0)  TIP100.TIP105 
(VCB  »80  Vdc,  Ie  =0)  TIP101.TIP106 
(VCB  =  100  Vdc,  lE  =  0)                                      TIP102,  TIP107 

'CBO 

50 
50 
50 

uAdc 

Emitter  Cutoff  Current 
IVBE=5.0Vdc,  lc  =  0) 

'EBO 

8.0 

mAdc 

ON-CHARACTERISTICS  (1) 

DC  Current  Gain 

(lC  "  3.0  Adc,VCE=4.0  Vdc) 
(IC  =  8.0  Adc,  VCE  -  4.0  Vdc) 

nFE 

1000 
200 

20,000 

Collector-Emitter  Saturation  Voltage 
(lc  -  3.0  Adc,  lB  -  6.0  mAdc) 
(lC  -  8.0  Adc,  lB  =  80  mAdc) 

vCE(sat) 

2.0 
2.5 

Vdc 

Base-Emitter  On  Voltage 

(lC  -  8.0  Adc,  VCE  -  4.0  Vdc) 

vBE(on) 

2.8 

Vdc 

DYNAMIC  CHARACTERISTICS 

—  .     

Small-Signal  Current  Gain 

(lc  "  3.0  Adc,  VCE  =  4.0  Vdc,  f  =  1 .0  MHz) 

Ihfe  I 

4.0 

Output  Capacitance 

(VCB  =  10Vdc,  lE-0.  f  =  0.1  MHz)  TIP105.TIP106.TIP107 

T1P100,TIP101,TIP102 

cob 

— 

300 
200 

(1 1  Pulse  Test:  Pulse  Width  <  300  us.  Duty  Cycle  <  2%. 

FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT  FIGURE  3  -  SWITCHING  TIMES 

5"l  1 — I  1 — I   MINI  1 — I  1 — 


IQ.  COLLECTOR  CURRENT  IAMP) 


3-1275 


TIP100,  TIP101,  TIP102  NPN/TIP105,  TIP106,  TIP107  PNP 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


1.0 
0.5 

0.2 

j  u 

0.05 
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Tj  =  150°C 

BONDING  WIRE  LIMITED 
THERMALLY  LIMITED  S>TC  =  25°C 
'  SECOND  BREAKDOWN  LIMITED 
CURVES  APPLY  BELOW  RATED  Vqjq 


VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTSI 


100 


FIGURE  6  -  SMALL  SIGNAL  CURRENT  GAIN 
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There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown 
Safe  operating  area  curves  indicate  lc  -  ^CE  '"mils  of  the  tran- 
sistor ihat  must  be  observed  for  reliable  operation;  i.e..  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  150°C;  Tq  is  variable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(pk)  <  150°C  Tj(pk)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  witl  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
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FIGURE  7  -  CAPACITANCE 
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TIP100,  TIP101,  TIP102  IMPN/TIP105,  TIP106,  TIP107  PNP 


FIGURE  9  -  COLLECTOR  SATURATION  REGION 


FIGURE  10  -  "ON"  VOLTAGES 


IC.  COLLECTOR  CURRENT  IAMPI  ,c  COLLECTOR  CURRENT  IAMPI 


3-1277 


NPN  PNP 

TIP110  TIP115 

TIP111 TIP116  /n\ 
TIP112  TIP117  \Cy 


MOTOROLA 


PLASTIC  MEDIUM-POWER 
COMPLEMENTARY  SILICON  TRANSISTORS 

.  .  .  designed  for  general-purpose  amplifier  and  low-speed  switching 
applications. 

•  High  DC  Current  Gain  - 

hpE  =  2500  (Typ)  @  lc  =  1 .0  Adc 

•  Collector-Emitter  Sustaining  Voltage  -  @  30  mAdc 


'CEO(sus) 


=   60  Vdc  (Min)  -  TIP110,  TIP115 
=  80  Vdc  (Min)  -  TIP1 1 1,  TIP1 16 
=  100  Vdc  (Min)  -  TIP112,  TIP!  1 7 
Low  Collector-Emitter  Saturation  Voltage  - 

vCE(sat)  -  2.5  Vdc  (Max)  @  lc  =  2.0  Adc 
Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistors 
TO-220AB  Compact  Package 
TO-66  Leadform  Also  Available 


DARLINGTON 

2  AMPERE 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60-80-100  VOLTS 
50  WATTS 


♦MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  —  Continuous 
Peak 


Total  Power  Dissipation  @  Tc  =  25°C 
Derate  above  25°C 


Total  Power  Dissipation 
Derate  above  25°C 


'  TA  =  25°C 


Undamped  Inductive 

Load  Energy  —  Figure  13 


Operating  and  Storage  Junction, 


VCB 


VEB 


PD 


TJ-Tstg 


TIP110. 
TIP115 


TIP111. 
TIP116 


TIP112. 
TIP117 


-  2.0 
■4.0 


■  50 
0.4 


-  2.0  - 
-0.016 


Watts 
W/°C 


Watts 
W/°C 


THERMAL  CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

R9JC 

2.5 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

RejA 

62.5 

°C/W 

FIGURE  1  -  POWER  DERATING 
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00 
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PIN  I.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15  76 

0  575 

0  620 

B 

9  66 

10  29 

0  380 

0  405 

C 

406 

482 

0  160 

0  190 

0 

0  64 

089 

0  025 

0  035 

F 

3  61 

3  73 

0  142 

OH/ 

G 

241 

2  67 

0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  155 

J 

0  36 

0  56 

0015 

0  022 

K 

1!  70 

14  27 

0  500 

0  562 

L 

1  14 

1  39 

0  045 

0  055 

N 

4  83 

5  33 

0  190 

0  210 

a 

2  54 

3  04 

0  100 

0  120 

R 

2.04 

2  79 

0  080 

0  110 

s 

1  14 

1  39 

0045 

0  055 

T 

5.97 

6  48 

0  235 

0  255 

u 

o  no 

1  27 

0  000 

0  050 

V 

1.14 

0  045 

z 

2  03 

0  080 

CASE  221A^2 
TO-220AB 


3-1278 


TIP110,  TIP111,  TIP112,  NPN,  TIP115,  TIP116,  TIP117,  PNP 


ELECTRICAL  CHARACTERISTICS    (Tc  -  25°C  unless  otherwise  notedl 
I  Ch.r,ct.ns.ic  |        Symbol       |  Min  [         Max         |  Unit  | 

OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  111 
(lc  =  30mAdc,  lB  =  01 

TIP110,  TIP1 15 
TIP111.TIP116 
TIP1 12,  TIP1  17 

vCE0lsus) 

60 
80 
100 

Vdc 

Collector  Cutoff  Current 
(VCE«30Vdc,  lB  =  01 
(VCE-40Vdc,  lB  =  0l 
(VCE  =  50Vdc.  lB-0) 

TIP110.TIP115 
TIP111,TIP116 
TIP112,  TIP1 17 

ICEO 

2.0 
2.0 
2.0 

mAdc 

Collector  Cutoff  Current 
IVCB  -  60  Vdc,  lE  =0) 
(Vcb  ■  80  Vdc,  lE  -  01 
IVCB  =  100  Vdc,  lE  =0) 

TIP110.TIP115 
TIP111,  TIP116 
TIP112.TIP117 

IC80 

bob 

mAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc,  lc  =  01 

lEBO 

2.0 

mAdc 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(lc  •  1.0  Adc.  VCE  -4.0  Vdcl 
(lc  -  2.0  Adc,  VCE  =  4.0  Vdcl 

»FE 

1000 
500 

Collector-Emitter  Saturation  Voltage 

vCE(satl 

Vdc 

(IC  "  2.0  Adc,  lB  =  8.0  mAdcl 

2.5 

Base-Emitter  On  Voltage 

(lC  =  2.0Adc,VCE=4.0  Vdc) 

VtJEIonl 

2.8 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

IIC  =  0.75  Adc,  VCE  -  10  Vdc,  f  =  1 .0  MHz) 

Ihfel 

25 

Output  Capacitance 

IVCB  -  10  Vdc,  lE  =  0,  f  =  0.1  MHz) 

TIP115,TIP116,TIP117 
TIP110,TIP111,TIP112 

Cob 

200 

pF 

100 

(1 1  Pulse  Test:  Pulse  Width  s;  300  us.  Duty  Cycle  <  2%. 

FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT  FIGURE  3  -  SWITCHING  TIMES 


lC.  COLLECTOR  CURRENT  (AMP) 


3-1279 


TIP110,  TIP111,  TIP112,  NPN,TIP115,TIP116,TIP117,  PNP 


FIGURE  4  -  THERMAL  RESPONSE 
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FIGURE  5  -  TIP115,  116,  117 


ACTIVE-REGION  SAFE-OPERATING  AREA 


-BONDING  WIRE  LIMITED 
-THERMALLY  LIMITED 

@TC'25°C  (SINGLE  PULSE) 
-SECONDARY  BREAKDOWN  LIMITED 


-CURVES  APPLY  BELOW 
RATED  VCE0 


10  40      60   80  100 

VCE.  COLLECTOR  EMITTER  VOLTAGE  (VOLTSI 


FIGURE  6  -  TIP110,  111, 112 
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1.0  10 
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FIGURE  7  -  CAPACITANCE 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor,  average  junction  temperature  and  second  breakdown 
Sale  operating  area  curves  indicate  Iq  VcE  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate 

The  data  of  Figures  5  and  6  is  based  on  Tjjpk)  -  150°C,  Tc  is 
variable  depending  on  conditions.  Second  breakdown  pulse  limits 
are  valid  for  duty  cycles  to  10%  provided  Tj(ok]  <150°C.  Tj(p(c| 
may  be  calculated  from  the  data  in  Figure  4.  At  high  case  tempera- 
tures, thermal  limitationswill  reduce  the  power  that  can  be  handled 
i  than  the  limitations  imposed  by  second  breakdown. 
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® 


NPN 


PNP 

TIP120  TIP125 
TIP121  TIP126 
TIP122  TIP127 


PLASTIC  MEDIUM-POWER 
COMPLEMENTARY  SILICON  TRANSISTORS 

. .  .  designed  for  general-purpose  amplifier  and  low-speed  switching 
applications. 


High  DC  Current  Gain  — 

hFE  =  2500  (Typ)  @  lc  =  3.0  Adc 
Collector-Emitter  Sustaining  Voltage  -  @  100  mAdc 
vCEO(sus)    "  60Vdc(Min)-TIP120,TIP125 
=  80Vdc(Min)-TIP121,TIP126 
=  100  Vdc  (Min)  -  TIP122,  TIP127 
Low  Collector-Emitter  Saturation  Voltage  — 
vCE(sat)  =  2.0  Vdc  (Max)  @IC  =  3.0  Adc 
=  4.0  Vdc  (Max)  @  lc  =  5.0  Adc 
Monolithic  Construction  with  Built-in  Base-Emitter 

Shunt  Resistors 
TO-220AB  Compact  Package 
TO-66  Leadform  Also  Available 


DARLINGTON 
8  AMPERE 

COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60-80-100  VOLTS 
VATTS 


"MAXIMUM  RATINGS 


Rating 


Collector-Emitter  Voltage 


Collector-Base  Voltage 


Emitter-Base  Voltage 


Collector  Current  -  Continuous 


Total  Power  Dissipation  @>  Tc  »  25°C 
Derate  above  25°C 


Total  Power  Dissipation  @  TA  =  25°C 
Derate  above  25°C 


Undamped  Inductive 
Load  Energy  11 ) 


Operating  and  Storage  Junction, 
Temperature  Range 


Symbol 


vCEO 


VCB 


VEB 


Pd 


Pd 


TJ.  Tstg 


TIP120, 
TIP125 


TIP121, 
TIP126 


TIP122. 
TIP127 


5.0 
8.0 


-  2.0  - 
0.016 


--65  to  +150 


Watts 
W/°C 


Watts 
W/°C 


°C 


THERMAL  CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

RSJC 

1.92 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R8JA 

62.5 

111  lc  =  1  A,  L  -  100  mH,  P.R.F.  -  10  Hz,  Vcc  »  20  V.  RBE  -  100  Si. 


4.0  80 


FIGURE  1  -  POWER  DERATING 
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60  80  tOO  120 
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STYLE  1 

PIN  I .  BASE 

2  COLLECTOR 
3.  EMITTER 
4  COLLECTOR 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15  75 

0575 

0620 

B 

965 

10  29 

0  380 

0  405 

C 

4  06 

4  82  1  0  160 

0  190 

0 

0  64  i   0  89 

0  025 

0  035 

F 

361 

3  73 

0  142 

0.147 

G 

241 

2  67 

0  095 

0  105 

H 

2  79 

393 

0  110 

0  155 

J 

036 

0  56 

0014 

0  022 

K 

12  70 

1427 

0  500 

0  562 

[ 

1  14 

1  39 

0  045 

0  055 

N 

4  83 

5.33 

0  190 

0  210 

0 

2  54 

304 

0  100 

0  120 

R 

2  04 

2  79 

0  080 

o  no 

S 

1  14 

1  39 

0  045 

0  055 

T 

597 

6  48 

0  235 

0  255 

0 

0  00 

1  27    0  000 

0  050 

V 

114 

-  00453_fO' 

z 

2  03       -    "  0  08TJ 

CASE  221A  02 
TO-220AB 
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ELECTRICAL  CHARACTERISTICS    (Tc  =  25°C  unless  otherwise  noted) 


Characteristic 


Symbol 


OFF  CHARACTERISTICS 


Collector-Emitter  Sustaining  Voltage  (1) 

(lc-100mAdc.  IB=0)  TIP120.TIP125 

TIP121.TIP126 
TIP122.TIP127 

CbUlSUS) 

60 
80 
100 

— 

Vdc 

 1 

Collector  Cutoff  Current 

(Vce  =  30  Vdc,  lB-0)  TIP120.TIP125 

(VCE«40Vdc.  IB  =  0)  TIP121.TIP126 

(VCE-50  Vdc,  lB-0)  TIP122.TIP127 

'CEO 

0.5 
0.5 
0.5 

mAdc 

Collector  Cutoff  Current 

(VCB  =  60  Vdc,  l£  -0)                            TIP120,  TIP125 
(VCBl-80Vdc,  lE=0>  TIP121.TIP126 
IVCB  »  100  Vdc.  IE  =  0)  TIP122.TIP127 

ICBO 

0.2 
0.2 
0.2 

mAdc 

Emitter  Cutoff  Current 
(VBE  -  5.0  Vdc,  lc«0) 

Iebo 



2.0 

mAdc 


ON  CHARACTERISTICS  (1) 

DC  Current  Gain 

(lc-0.5Adc,VCE  ■  3.0  Vdc) 
(lc  -  3.0  Adc,  VCE  "  3.0  Vdc) 

nFE 

1000 

— 

1000 

Collector-Emitter  Saturation  Voltage 
)IC  -  3.0  Adc,  lB  -  12  mAdcl 
(lc  -  5.0  Adc,  lB  =  20  mAdc) 

VcE(sat) 

2.0 
4.0 

Vdc 

Base-Emitter  On  Voltage 

(lc  =  3.0Adc.VCE  =  3.0  Vdc) 

vBEIon) 

2.5 

Vdc 

DYNAMIC  CHARACTERISTICS 

Small-Signal  Current  Gain 

llc  -  3.0  Adc,  VCE  -  4.0  Vdc,  f  -  1 .0  MHz) 

Ihfel 

4.0 

Output  Capacitance 

(VCB  -  10  Vdc,  lE  =0,  f  =  0.1  MHz)           TIP125.TIP126,  TIP127 

TIP120,TIP121,TIP122 

Cob 

300 
200 

pF 

3  Width  <  300  ms.  Duty  Cycle  <  2%. 


FIGURE  2  -  SWITCHING  TIMES  TEST  CIRCUIT 


Rg  &  Rc  VARIED  TO  OBTAIN  DESIRED  CURRENT  LEVELS 
Di,  MUST  BE  FAST  RECOVERY  TYPES. e.g., 

MBO5300  USED  ABOVE  lB  *  100  mA 

USD6100  USED  BELOW  Ig  «  100  mA 


FIGURE  3  -  SWITCHING  TIMES 


) Of  tr)  and  1, ,  D  |  is  disconnected 
and  V2  =  0 

For  NPN  test  ciituii  tevefie  all  polarities 


0.2     0.3       0.5   0.7     1.0  2.0     3.0       5.0   7.0  10 

IC.  COLLECTOR  CURRENT  (AMP) 


3-1282 


TIP120,  TIP121,  TIP122,  NPN,  TIP125,  TIP126,  TIP127,  PNP 


FIGURE  4  -  THERMAL  RESPONSE 


FIGURE  5  -  ACTIVE-REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  \q  -  Vqe  limits  of  the  tran- 
sistor that  must  be  observed  for  reliable  operation;  i.e.,  the  transistor 
must  not  be  subjected  to  greater  dissipation  than  the  curves  indicate. 

The  data  of  Figure  5  is  based  on  Tj(pk)  =  150°C;  Tq  isvariable 
depending  on  conditions.  Second  breakdown  pulse  limits  are  valid 
for  duty  cycles  to  10%  provided  Tj(p|<;}  <  150°C.  Tjfpk)  may  be 
calculated  from  the  data  in  Figure  4.  At  high  case  temperatures, 
thermal  limitations  will  reduce  the  power  that  can  be  handled  to 
values  less  than  the  limitations  imposed  by  second  breakdown 
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 SECOND  BREAKDOWN  LIMITED 

CURVES  APPLY  BELOW  RATED  VcE 
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TIP120,  TIP121,  TIP122,  NPN,  TIP125,  TIP126,  TIP127,  PNP 
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NPN  PNP 

®TIP140  TIP145 

MOTOROLA                          TIP141  TIP146 

TIP142  TIP147 


DARLINGTON  COMPLEMENTARY 
SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  general-purpose  amplifier  and  low  frequency 
switching  applications. 

•  High  DC  Current  Gain  —  Min  hFE  =  1000  @  lc  =  5  A,  Vqe  =  4  V 

•  Collector-Emitter  Sustaining  Voltage  —  @  30  mA 

VcEO(sus)  =    60  Vdc  (Min)  —  TIP1 40,  TIP1 45 
80  Vdc  (Min)  —  TIP1 41 ,  TIP1 46 
1 00  Vdc  (Min)  —  TIP1 42,  TIP1 47 

•  Monolithic  Construction  with  Built-in  Base-Emitter  Shunt  Resistor 


MAXIMUM  RATINGS 

Rating 

Symbol 

TIP140 
TIP145 

TIP141 
TIP146 

TIP142 
T1P147 

Unit 

Collector-Emitter  Voltage 

vCEO 

60 

80 

100 

Vdc 

Collector-Base  Voltage 

Vf-R 

60 

80 

100 

Vdc 

Emitter-Base  Voltage 

ic 

5.0 

Vdc 

Collector  Current  —  Continuous 
Peak  (1) 

10 
15 

Adc 

Base  Current  —  Continuous 

IB 

0  5 

Adc 

Total  Device  Dissipation 
@  TC  =  25°C 

PD 

125 

Watts 

Operating  and  Storage  Junction 
Temperature  Range 

TJ.Tstg 

-65  to  +150 

°C 

THERMAL  CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance,  Junction  to  Case 

1.0 

°C/W 

Thermal  Resistance,  Case  to  Ambient 

"OJA 

35.7 

°c/w 

(1)  5  ms,  <10%  Duty  Cycle 

DARLINGTON  SCHEMATICS 


COLLECTOR 


COLLECTOR 
9 


10  AMPERE 
DARLINGTON 
COMPLEMENTARY  SILICON 
POWER  TRANSISTORS 

60-100  VOLTS 


"1 


STYLE  1: 

1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 
B 

20.32 

21.08 

0.800 

0.830 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.12 

0  205 

0.225 

H 

2.41 

3  20 

0095 

0.126 

J 

0.38 

0.64 

0015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

Q 

3.94 

4  19 

0.155 

0.165 

CASE  340-01 
T0-218AC 
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TIP140,  TIP141,  TIP142  NPN,  TIP145,  TIP146,  TIP147  PNP 


ELECTRICAL  CHARACTERISTICS  (Tc=  25°C  unless  otherwise  noted! 

Characteristic                                              Symbol              Min       |     Typ      |     Max    |  Unit 
OFF  CHARACTERISTICS 

Collector-Emitter  Sustaining  Voltage  (1 ) 
(lc=  30  mA,  lB  =  0)                                    TIP!  40,  TIP145 

TIP141,  TIP146 
TIP142,  TIP147 

vCEO(sus) 

60 
80 
100 

Vdc 

Collector  Cutoff  Current 
(VCE  =  30  Vdc,  lB  -  0)                                 TIP140,  TIP145 
(VCE  =  40  Vdc,  lB  =  0)                                 TIP141,  TIP146 
(VCE  =  SO  Vdc,  lB  =  0)  TIP142.TIP147 

!CEO 

2.0 
2  0 
2.0 

mA 

Collector  Cutoff  Current 
(Vcb  =  60  V,  l£  =  0|                                    TIP140,  TIP145 
(VCB  =  80  V,  lE  =  0)                                    TIP141,  TIP146 
(VCB=  100  V,  lE  =  0)                                  TIP142,  TIP147 

ICB0 

bob 

mA 

Emitter  Cutoff  Current  Vbe  =  5.0  V 

mA 

!eB0 

2.0 

ON  CHARACTERISTICS  (1) 

DC  Current  Gain 
(lc  =  5.0  A,  VCE=  4.0  V) 
Uc=  10  A,  VCE  =  4.0  V) 

"FE 

1000 
500 

Collector-Emitter  Saturation  Voltage 
(lC=  5.0  A,  lB=  10  mA) 
(IC=  10  A,  lB  =  40  mA) 

VcE(sat) 

2.0 
3.0 

Vdc 

Base-Emitter  Saturation  Voltage 
(lc=  10  A.  IB  =  40  mA) 

vBE(sat) 

3  5 

Vdc 

Base-Emitter  On  Voltage 
(lc=  10  A,  VCE  =  4.0Vdc) 

vBE(on) 

3.0 

Vdc 

SWITCHING  CHARACTERISTICS 

Resistive  Load  (See  Figure  1 ) 

Delay  Time 

(VCC-  30  V,  lc-  5.0  A, 

lB  -  20  mA,  Duty  Cycle  sj  2.0%, 

lB1  =  lB2-  RC  &  RB  Varied,  Tj  =  25°C) 

>d 

0.15 

/is 

Rise  Time 

% 

0.55 

MS 

Storage  Time 

«s 

2.5 

MS 

Fall  Time 

<f 

2.5 

MS 

(1 )  Pulse  Test:  Pulse  Width  =  300  mS,  Duty  Cycle  s:  2.0% 

FIGURE  1  -  SWITCHING  TIMES  TEST  CIRCUIT  FIGURE  2  -  SWITCHING  TIMES 
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TIP140,  TIP141,  TIP142  NPN,  TIP145,  TIP146,  TIP147  PNP 


:  2000 


TYPICAL  CHARACTERISTICS 


NPN 

TIP140.  TIP141,  TIP142 


PNP 

TIP145.  TIP146,  TIP147 


FIGURE  3  -  DC  CURRENT  GAIN  versus  COLLECTOR  CURRENT 


[j  s  150^_, 

-""Tuirc 

,-^25°C  ^ 

Vcj  =  4.0  V 

lc.  COLLECTOR  CURRENT  (AMPS) 


20.000 


1000 


0  7  1.0 


2  0        3.0     4  0   5  0      7  0  10 
lc.  COLLECTOR  CURRENT  (AMPS) 


FIGURE  4  -  COLLECTOR-EMITTER  SATURATION  VOLTAGE 
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FIGURE  5  -  BASE-EMITTER  VOLTAGE 
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TIP140.  TIP141,  TIP142  NPN,  TIP145,  TIP146,  TIP147  PNP 


ACTIVE-REGION  SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability  of  a 
transistor:  average  junction  temperature  and  second  breakdown. 
Safe  operating  area  curves  indicate  lc~^CE  limits  of  the 
transistor  that  must  be  observed  for  reliable  operation;  i.e.,  the 
transistor  must  not  be  subjected  to  greater  dissipation  than  the 

FIGURE  6  -  ACTIVE-REGION  SAFE  OPERATING  AREA 

20,  


curves  indicate. 

The  data  of  Figure  6  is  based  on  Tjjpk)  =  1 50°C;  Tr;  is  variable 
depending  on  conditions.  At  high  case  temperatures,  thermal 
limitations  will  reduce  the  power  that  can  be  handled  to  values 
an  the  limitations  imposed  by  second  breakdown. 

FIGURE  7  -  UNCLAMPED  INDUCTIVE  LOAD 


150° 


Secondary  Breakdown  Limit        -TIP140,  145 

 Bonding  Wire  Limit  -TIP141.  146 

 Thermal  Limitation  @  Tc  =  25°C  TIP142.  147 
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VCE,  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


FIGURE  S  —  INDUCTIVE  LOAD 

j- — @  Vcf£  Monitor 


MPS-U52 


1.0      2.0        5.0      10  20 
L.  UNCLAMPED  INDUCTIVE  LOAD  (mH) 


J  w~7.0ms(SeeNote1) 


5.0V 

-100  ms- 

—  0 
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s| 

r 

t:\.:  

NOTE  1 :  Input  pulse  width  is  increased  until  Icm  =  1 .42  A. 
NOTE  2:  For  NPN  test  circuit  reverse  polarities. 

FIGURE  9  -  MAGNITUDE  OF  COMMON  EMITTER 
SMALL-SIGNAL  SHORT-CIRCUIT  FORWARD 
CURRENT  TRANSFER  RATIO 
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70 
60 


V(BR)CER 


VOLTAGE  AND  CURRENT  WAVEFORMS 

FIGURE  10  -  FREE-AIR  TEMPERATURE 
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NPN  PNP 
TIP3055  TIP2955 

® 


COMPLEMENTARY  SILICON  POWER  TRANSISTORS 

.  .  .  designed  for  general-purpose  switching  and  amplifier 
applications. 

•  DC  Current  Gain  —  hcf  =  20-70  @  Iq  =  4.0  Adc 

•  Collector-Emitter  Saturation  Voltage  —  VcE(sat) =  1 
@  Iq  =  4.0  Adc 

Vdc  (Max) 

•  Excellent  Safe  Operating  Area 

15  AMPERE 
POWER  TRANSISTORS 

COMPLEMENTARY  SILICON 

60  VOLTS 
90  WATTS 


IIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

VcEO 

60 

Vdc 

Collector-Emitter  Voltage 

VCER 

70 

Vdc 

Collector-Base  Voltage 

VCB 

100 

Vdc 

Emitter-Base  Voltage 

VEB 

7.0 

Vdc 

Collector  Current  —  Continuous 

15 

Adc 

ic 

Base  Current 

IB 

7.0 

Adc 

Total  Power  Dissipation  @  Tc  =  25°C 

Pd 

90 

uw**»* 

watts 

Derate  above  25°C 

0.72 

W/°C 

Operating  and  Storage  Junction 

TJTstg 

-65  to  ♦ISO 

°c 

Temperature  Range 

THERMAL  CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal  Resistance.  Junction  to  Case 

"we 

1  39 

°C/W 

Thermal  Resistance,  Junction  to  Ambient 

R9JA 

357 

°c/w 

FIGURE  1  -  DC  CURRENT  GAIN 


0.1 


0.2     0.3      0.5  0.7 


Vcf  f  4.0  V 
Tj  =  25°C 


-TIP3055: 
-TIP2955 


2.0    3.0      5.0  7.0 


IC.  COLLECTOR  CURRENT  (AMP) 


1         2  3 


 D 


STYLE  1: 

1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0800 

0.830 

15.49 

15.90 

0.610 

0.626 

C 

4  13 

5.08 

0.165 

0.200 

D 

1  02 

1 .65 

0  040 

0.06  b 

E 

1.35 

1.85 

0.053 

0  065 

G 

521 

5.72 

0.205 

0.225 

H 

241 

3  20 

0.095 

0.126 

J 

0.38 

0  64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

15.88 

16.51 

0.625 

0.650 

12.19 

12.70 

0  480 

0  500 

4.04 

422 

0.159 

0.166 

CASE  340-01 
ITO-218AC) 
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TIP3055NPN,  TIP2955PNP 


® 


ELECTRICAL  CHARACTERISTICS  (Tc  ]  25°C  unless  otherwise  notedl 


[ 


|     Symbol     |        Min        [       Max       [  Unit 


OFF  CHARACTERISTICS 


 1  


60 


— I 


~Vdc~ 


Collector-Emitter  Sustaining  Voltage  (1) 
(lc=  30  mAdc.  IB  =  01 


Collector  Cutoff  Current 
(Vce  =  70  Vdc.  Rbe  =  1 00  Ohmsl 


mAdc 


Collector  Cutoff  Current 
(Vce  =  30  Vdc.  Ib  =  0) 


ICEO 


Collector  Cutoff  Current 
|VCE  =  100  Vdc,  VBE|0ff|  =  1 .5  Vdc) 


ICEV 


5.0 


mAdc 


Emitter  Cutoff  Current 
(VBE  =  7  0  Vdc,  lc  =  0) 


lEBO 


mAdc 


ON  CHARACTERISTICS  (1) 


DC  Current  Gain 
flC  =  4  0  Adc.  Vce  =  4.0  Vdc) 
dC  =  1 0  Adc.  VCe  "  4.0  Vdcl 


Collector-Emitter  Saturation  Voltage 
|IC  =  4  0  Adc,  Ib  =  400  mAdc) 
(lc=  10  Adc.  Ib  »  3»Adc) 


nFE 


vCE(sat| 


20 
5.0 


1.1 

3.0 


— 


Base-Emitter  On  Voltage 
(lc  =  4.0  Adc,  VCE  =  4.0  Vdc) 


vBE|on) 


18 


— 


SECOND  BREAKDOWN 


Second  Breakdown  Collector  Current  with  Base  Forward  Biased 
(Vce  =  30  vdc'  1  =  1 .0  s;  Nonrepetitive) 


Adc 


DYNAMIC  CHARACTERISTICS 


Current  Gain — Bandwidth  Product 
(lC  =  0.5  Adc.  VCE  =  1 0  Vdc.  f  =  1 .0  MHz) 


Small-Signal  Current  Gain 
|VCE  =  4.0  Vdc.  IC  =  1  0  Adc.  f  =  1  0  kHz) 


hfe 


Pulse  Test  Pi 


HI 


Test  Puis.  Width  =  300  „s.  Duty  Cycle  0%. 


Note:  For  additional  design  curves,  refer  to  eleclrical  characteristics  curves  of  2N3055 


FIGURE  2  -  MAXIMUM  RATED  FORWARD  BIAS 
SAFE  OPERATING  AREA 


There  are  two  limitations  on  the  power  handling  ability 
of  a  transistor:  average  junction  temperature  and  second 
breakdown.  Safe  operating  area  curves  indicate  1c-vCE 
limits  of  the  transistor  that  must  be  observed  for  reliable 
operation;  i.e.,  the  transistor  must  not  be  subjected  to 
greater  dissipation  than  the  curves  indicate 

The  data  of  Figure  2  is  based  on  Tq  =  25°C:  1j[pk)  is 
variable  depending  on  power  level.  Second  breakdown 
pulse  limits  are  valid  for  duty  cycles  to  10%  but  must  be 
derated  for  temperature. 


VCE.  COLLECTOR-EMITTER  VOLTAGE  (VOLTS) 


OABtS-OI, 


4-  lMt'1 
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JNTING  HA 


Description 

Case  346  Low  Volt.  Mica  Insulator 
Case  346  High  Volt.  Mica  Insulator 
Case  346  Screw 

Case  353  Mica  Insulator 
Case  353  Screw 

Case  77  Round  Mica  Insulator 
Case  77  Steel  Washer 


Case  90  Round  Mica 
Case  90  Steel  Washer 

TO220  Mica  Insulator 
TO220  Nylon  Bushing 
TO220  Steel  Washer 

T03  SDT  Mica  Insulator 
T03  High  Volt.  Mica  Insulator 
T03  High  Volt.  Big  Mica  Insulator 
T03  Nylon  Bushing 

T03P  Mica  Insulator 
T03P  Nylon  Bushing 

T066  Mica  Insulator 
T066  Nylon  Bushii 


PIECE  PARTS 

Part-Number 

B12387B001 
B12387B002 
T15852A001 

B12387B003 
T15852A002 

B52600F003 
B52200F007 

B52600F013 
B52200F004 

T07743A001 
T07872A001 
B09002A001 

B52600F01 1 
T05036A001 
T05036A003 
B51547F005 

T10583A001 
T10582A001 

B52600F008 
B51547F003 
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Outline  Dimensions 
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Mechanical  Data 


OUTLINE  DIMENSIONS 


Case  1-04 

TO-204AA 
(TO-3  type) 


■ 


8TRAq  3D3W  —  3WAWQRAH  OMtTMUPM 


1.  GATE 

2.  SOURCE 
CASE  OHAIN 

NOTES: 

1.  DIAMETER  V  ANO  SURFACE  WARE  DATUMS. 
1  POSITIONAL  TOLERANCE  FOR  HOLE  0: 

j»H  0.25  10.010)  e|  W\  Vftl 
3  POSITIONAL  TOLERANCE  FOR  LEAPS: 

[WOO  tO-012)  Q  I W  1 V  »TQ«1 




MILLIMETERS 


0.4401  MM 





Case  1-05 

TO-204AA 
(TO-3  type) 


STYLE  3 

PIN  1.  GATE 

2.  SOURCE 
CASE  DRAIN 


NOTES- 

1.  DIMENSIONS  0  AND  V  ARE  DATUMS 

2.  GS  IS  SEATING  PLANE  ANO  DATUM. 

3.  POSITIONAL  TOLERANCE  FOR 
MOUNTING  HOLE  0: 

|   ♦  |  j13  [0.0051®  |  T  |V®1 

FOR  LEADS: 


[  ♦  |  1.13  10.0051®  T  |  V®  |  a®  I 

4.  DIMENSIONS  ANO  TOLERANCES  PER 
ANSI  Y14.S. 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39  37 

1.550 

B 

21  08 

0  830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.97 

1.09 

0.038 

0.043 

E 

1  40 

1.78 

0  055 

0  070 

F 

30  15  esc 

1  167  BSC 

G 

10.92  BSC 

0.430  BSC 

H 

5« 

BSC 

0.215  BSC 

J 

16  8 

BSC 

0.665  BSC 

K 

11  18 

12.19 

0440 

0.480 

a 

3.81 

4.19 

0.150 

0.165 

R 

26.67 

1,050 

u 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0  165 

4-2 


OUTLINE  DIMENSIONS  (continued)   


Case  11-01 

TO-204AA 
(TO-3  type) 


i_ 

T 


SEATING 


STYLE  I: 
PIN  I.  BASE 
2.  EMITTER 
J —      CASE:  COLLECTOR 


I.  OIM  "0"  IS  DIA. 


n 

39.37 

_ 

1.550 

■ 

21.08 

0.830 

c 

6.35 

7.62 

0.250 

0.300 

D 

0  99 

1.09 

0  039 

0.043 

E 

343 

0.135 

F 

29  90 

30.40 

1.177 

1  197 

G 

10.67 

11.18 

0420 

0  440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.67i 

K 

11.18 

12.19 

0.440 

0.480 

3.84 

*5 

0.151 

26.67 

31-03 


(TO-5) 


STYLE  1: 

PIN  I.  EMITTER 

2.  BASE 

3.  COLLECTOR 


■OTES 

1  LEAD  POSITIONAL  TOUHANGE 
1»1<0  36  IOOU)Q|»|Ee|8Q[ 

!.  f  dia  shall  ie  held  betwe£n  l  minus  p  dim 
d  oia  shall  apply  ietween  k  minus  l  dim 
lead  diameter  is  not  controlled  within 
p  length  nor  8eyon0  k  dimension 

]  dimensioning  and  toierancjnc  pefl 
a«**m.*,iim 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.170 

I 

7.75 

8.51 

0.3O5 

0.335 

C 

6.10 

660 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0  021 

E 

0.229 

3.1? 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

5.08  SSC 

0.201 

BSC 

H 

0.711 

0.864 

asxu. 

asm 

J 

0.734 

1.14 

0.029 

0  045 

K 

38  10 

44  45 

1.750 

L 

6.35 

T35T 

M 

45' 

BSC 

45« 

BSC 

N 

R  2.54 

0.100 

s  1  - 

0.25 

- 

0.0,0 

Case  77-04 

TO- 126 


7 


STYLE  9: 
PIN  1.  GATE 


?  n 
3.  s 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0  435 

B 

7.49 

7.75 

0.295 

0  305 

C 

241 

2  67 

0  095 

0  105 

D 

0.51 

066 

0.020 

0  026 

F 

2.92 

318 

0115 

0  125 

G 

2  31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

1 

0.39 

0.64 

0.015 

0X25 

K 

15  11 

16.64 

0.5(5 

0.655 

M 

3 

1  TYP 

3°  TYP 

a 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1  40 

0.045 

0  055 

S 

0.64 

0.89 

0.025 

0.035 

D 

3.6B 

3.94 

0.145 

0.155 

» 

1" 

L0040_ 
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OUTLINE  DIMENSIONS  (continued) 


Case  79-02 

TO-39 


-    A  - 


STYLE  6. 
PIN  1.  SOURCE 

2  GATE 

3  DRAIN  (CASE) 


DIM 

MILLIMETERS 

INCHES 

Ml  IV 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0  350 

0  370 

B 

8.00 

8.51 

0315 

0  335 

C 

6.10 

6.60 

0  240 

0  260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0229 

3.18 

0.009 

0  125 

F 

0.406 

0.483 

0  016 

0019 

G 

4.83 

5.33 

0  190 

0.210 

H 

0711 

0  864 

0  028 

0034 

J 

0.737 

1.02 

0.029 

0.040 

K 

1270 

0  500 

I 

6.35 

0.250 

M 

45:1  NOM 

45°  NOM 

p 

1  1.27 

-     !  0.050 

Q 

90°  NOM 

90°  NOM 

R 

2.54  |  - 

0  100;  - 

All  JEOEC  dimensions  and  notes  apply. 


Case  80-02 

TO-66 


p 

1 , 

F^l— t 

'r  a 

ATING  PLANE 

t 

K 

STYLE  1 : 
PIN  1.  BASE 

2.  EMITTER 
CASE:  COLLECTOR 


eo-.x  msO 
(a-OT) 


DIM 

MILLIft 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

a 

11  94 

12.70 

0.470 

0.500 

c 

6  35 

8.64 

0  250 

0  340 

0 

0.71 

0  86 

0.028 

0.034 

E 

1.27 

1.91 

0  050 

0.075 

F 

24.33 

74.43 

0958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

0.360 

p 

1-27 

0.050 

a 

3.61 

3.86 

0.142 

0  152 

s 

8.89 

0.360 

T 

368 

0.145 

U 

1575 

0.620 

All  JEDEC  Dimensions  and  and  Notes  Apply 


Case  90-05 

TO- 127 


STYLE  I: 

PIN  I.  CATHODE 

2.  ANODE 

3.  GATE 

STYLE  4: 
PIN  1.MT1 

2.  MT2 

3.  GATE 

NT  >  MAIN  TERMINAL 


WTtt 

|  OIIJ  "J-  Lt«CO«T«OLll0  It!  20NE  H 
I.  DIN  "F  'LUA  THRU 
1  HEAT  linn  CONTACT  AREA  IIOTTOM 
1FTRUI 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16  13 

1631 

0635 

0  645 

I 

1257 

12  13 

0495 

0  505 

C 

111 

3  43 

0  125 

0  135 

0 

1  09 

1  24 

0043 

0  049 

F 

351 

3  76 

0  ll» 

0  148 

C 

4.2 

ISC 

0  16 

BSC 

H 

267 

292 

0.105 

0  115 

1 

Oil] 

0964 

0  032 

0034 

K 

15  11 

1618 

0  595 

0.645 

M 

Q 

i   9* 

TYP 

9"  TYP 

4  70 

495 

0  185 

0  195 

R 

HI 

2.16 

0075 

0H5 

II 

622 

641 

0  245 

0  255 

V 

203 

6  080 
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OUTLINE  DIMENSIONS  (continued) 


Case  152 


— J  G  [— -    STYLE  1:  — 

PIN  1.  EMITTER 

2.  BASE 

3  COLLECTOR 


ffl 

A 

9.14 

9.53 

0.360 

0.375 

6 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54  BSC 

0.100  BSC 

H 

3.94 

4. 19 

0.165 

0.165 

J 

0.36 

0.41 

0  014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08  BSC 

0.200  BSC 

■Jimnciroiiz] 

Case  197-01 

TO-204AA 
(TO-3  type) 


MILLIMETERS 

INCHES 

DIM 

MID 

MAX 

MIN 

MAX 

* 

38  35 

39.37 

1.510 

1.550 

■ 

19.30 

21.08 

0.760 

0.830 

c 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

3.43 

0.135 

F 

29.90 

30.40 

1.177 

1.1S7 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

wu 

16.54 

17.15 

•  0.655 

0.675 

■      jv  iniiium 


Case  221-02 

TO-220AB 


STYLE  t 

PIN  I  BASE 

2  COLLECTOR 

3  EMITTER 

4  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

IS  75 

0.595 

0.620 

8 

9.65 

10.29 

0.380 

0.405 

C 

4  06 

4.82 

0.160 

0.190 

0 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0  142 

0  147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0500 

0562 

L 

1.14 

1.27 

0.045 

0.050  ' 

N 

4.83 

5.33 

0.190 

0.210 

0 

2.54 

304 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

s 

1.14 

1.39 

0.045 

0.055 

Ol'UHLILi'.ll  >'  1 
IIlBJilBElOSlOiEil 

1  V  I   1  14  1          1  0  M5  | 

OUTLINE  DIMENSIONS  (continued) 


Case  306-04 

TO-202AC 


Ud-l 


nro 


U— L 
I — G 


STYLE  2 
PIN    t.  EMITTER 

2.  COLLECTOR 

3.  BASE 

4.  COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

WIN 

MAX 

MIN 

MAX 

A 

21  84 

22  35 

0.860 

0880 

e 

9.91 

10.41 

0.390 

0.410 

c 

4.39 

4.65 

0.173 

0  183 

0 

0.58 

074 

0023 

0.029 

F 

3.56 

406 

0.140 

0  160 

G 

241 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12  19 

12-55 

0.480 

0.510 

I 

1.65 

2.03 

0.065 

0.080 

■ 

9.91 

10.16 

0.390 

0.400 

Q 

3.56 

3.81 

0.140 

0.150 

E55Ii!5jl5liiijLi_i 

Case  340-01 

TO-218 


7&\ 


1 


1.  ANODE  t 

2.  CATHOOEIS) 

3.  ANODE  2 

4.  1 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

2108 

0.800 

0.830 

8 

15.48 

1IJO 

0.610 

0.626 

C 

4  19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

lis 

1.65 

fl.053 

0.065 

G 

5.2T 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

a 

4.04 

4.22 

0.159 

0.166 

Case  346-01 

MO-040AA 


r 

'IP?'? 

7.1 

ft 

i  B 

-1  1 

o-J 

-K         -J  L 

—  A 

STYLE  2: 
PIN  I.  GATE 
2  SOURCE 


1= 


NOTES: 

1.  DIMENSION  A  AND  6  ARE  OATUMS. 

2.  GD'S  SEATING  PLANE. 

3  POSITIONAL  TOLERANCE  FOR 
G  HOLES: 


0.38  H.014l®|  T[AQ[^1 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

53.09 

53.84 

2.090 

2.120 

1 

55.37 

56.39 

2.180 

2  220 

c 

26.67 

1.050 

0 

6.10 

6.60 

0.240 

0.260 

£ 

5  60 

7.11 

0.260 

0.280 

F 

0.71 

081 

0.028 

0.032 

G 

BSC 

1.70  BSC 

H 

12.82 

0.495 

0.505 

1.62 

0.060 

0.064 

+ 

950 

975 

0  374 

0.384 

L 

10.21 

10  46 

0.40? 

0.412 

M 

1892 

19  18 

0  745 

0.755 

1 

23  67 

23.93 

0.932 

0.942 

P 

5  OS 

5.21 

0.200 

0205 

Q 

3  53 

3  78 

0  139 

0.149 

a 

6.76 

7.26 

■  -'CI; 

0  286 

s 

14  73 

15.24 

0  630 

0.600 
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OUTLINE  DIMENSIONS  (continued) 


■  ; 

 L 


Case  353-01 


TOTES: 


1.  DIMENSIONS  A  AND  B  ARE  DATUMS  AND 
T  IS  BOTH  A  DATUM  SURFACE  AND 
SEATING  PLANE 

2.  POSITIONAL  TOLERANCE  FOR  MOUNTING 
HOLES: 

H*D.Zi(0.010)©|T|A(.)|BQ| 


3.  DIMENSIONING  AND  TOLERANCING  PER 
ANSI  Y14.S,  1982. 

4.  CONTROLLING  DIMENSION:  INCH 
EXCEPT  FOR  METRICALLY  THREADED 
INSERTS. 

5.  MOUNTING  HOLE  CENTERS 
(DIMENSION  X)  SAME  AS 
TO  204  ITO-3)  FAMILY. 


DIM 

MILLIMETERS 

INCHES 

MAX 

MIN 

MAX 

A 

39.11 

40  13 

1.540 

1.580 

t 

33.93 

34.95 

1.336 

1.376 

C 

20.32 

0.800 

D 

0  68 

0.83 

0.077 

urn 

E 

8.30 

1.81 

0.327 

0.347 

F 

4  44 

Q17S 

G 

29.67  BSC 

1.168 

BSC 

H 

S  08  BSC 

0.200 

8SC 

J 

093 

1,09 

0.037 

0.043 

K 

25.40 

1  000 

L 

2.92 

3.30 

0.115 

0.130 

N 

17  14 

1739 

0.675 

0.685 

a 

3.73 

3  88 

0.147 

0.153 

Ft 

10.41 

10.79 

0.410 

0.425 

S 

5.B4 

E35 

0  230 

0.250 

u 

MB  .8  (MET 

H1CTHRD) 

V 

1.27  ]  1.52 

0.050 

0.060 

w 

4.69  1  4.85 

0.185 

0.191 

X 

30.15  BSC 

1.18 

BSC 
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MOUNTING 
HARDWARE 
TO-3 


tt»un»noo|?JrtOI8iraM»a  3MUTUO 


■MM  . 


t*  UMI M  M  MM  MHO; 


POWER  TRANSISTOR 
MOTOROLA 


MICA  INSULATOR 
B52600F011 
T06036A001 
T05036A003 


NYLON 

INSULATING  BUSHING 
B51547F005 


h  Longer  screws  (not  available  from  Motorola)  and  multiple  bushings  may  be 
required  for  thick  chassis  or  heat  sink. 


This  hardw 

rare  is  applicable 

to  the  foil 

swing  packages. 

CASE  1  (TO-3) 
CASE  3 
CASE  11 A 
CASE  11  (TO-3) 
CASE  12 
CASE  54 

CASE  197  (except  T05036A001I 


4-8 


MOUNTING  HARDWARE  TO-3 

m   rffr  3HAWGHAH 
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HARDWARE 
TO-66 


- 


® 


MOTOROLA 
POWER  TRANSISTOR 
TO-66 


MOTOROLA 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

533 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

0.360 

P 

1.27 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

8.89 

0.350 

T 

3.68 

0.145 

U 

15.75 

0.620 

All  JEDEC  Dimensions  and  and  Notes  Apply. 


ro-K 

Id.  SOI 
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MOUNTING  HARDWARE  TO-66 


•OT 


L.J 

DIMENSIONS  -  MILLIMETER  (INCH) 

NYLON  BUSHING 


PART  NO. 

DIM  A 

DIM  B 

B51547F003 

7.80-8.05 
.307-.317) 

2.87-3.00 
(.113-.118) 

DIM  C 

DIM  D 

DIM  E 

3.56-3.81 
(.140-.  150) 

3.76-3.89 
.148-  153) 

1.09-1.35 
(.043-.053) 

- 

4-11 


MOUNTING 
HARDWARE 
TO-126 


38-OT  BHAWORAH  OkilTWUOM 

MOTOROLA 


[~    a  mm 


COMPRESSION  WASHER 


«  SEMICONDUCTOR  » 

TO-126 
(CASE  77) 


HEAT  SINK  OR  CHASSIS 


MICA  INSULATOR 

B52600F003 


TORQUE  REQUIREMENTS 

0.68  Nm  (6  in/lbs)  max. 


0IM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

8 

7  49 

7  75 

0.295 

0.305 

C 

2.41 

2  67 

0.095 

0  105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3  18 

0.115 

0  125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

I 

15.11 

16.64 

0.595 

0  655 

M 

3 

>TYf> 

3°  TYP 

Q 

3.76 

4.01 

0.148 

0  158 

fi 

1.14 

1.40 

0.045 

0  055 

S 

0.64 

0  89 

0.025 

0.03S 

U 

3.68 

3.94 

0.145 

0.155 

1.02 

0.040 

CASE  77 

(TO-126) 


©MOTOROLA  INC  . 
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MOUNTING  HARDWARE  TO-126 


'\J\Jvll 

W33A0  CH-Of? 


(DIMENSIONS  = 


MILLIMETERS 
INCH 


2.95  3.12 


nana*!*  hc  I  e  ^moo  j33te 
■ 


i  *-j:m  cmuc 


! 


0.495  0.505 


0.001  0.003 


ROUND  MICA  INSULATOR 


4-13 


HARDWARE 
TO-127,  CASE  90 


® 


MOTOROLA 





STEEL  COMPRESSION  WASHER 

B52200F004 


MOTOROLA  CASE  90 
SEMICONDUCTOR 


STANDARD 
ROUND  MICA  INSULATOR 

B52600F013 


HEAT  SINK  OR  CHASSIS 


TORQUE  REQUIREMENTS 

0.68  Nm  (6  in/lbs)  max. 
Recommended  torque :  0.57  Nm/5  in/lbs  -  5.5  kg/cm. 


Screws  and  nuts  are  not  supplied  by  Motorola. 


1 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

n.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22  BSC 

0.166  BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

16.11 

16.38 

0.595 

0.645 

M 

9°  TYP 

9°  TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

CASE  90 

(TO-127) 
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MOUNTING  HARDWARE  TO-127  (CASE  90) 

r 


STEEL  COMPRESSION  WASHER 

B52200F004 


3.71  3.81 
0.146  0.150 


.,,.,,„■.„  „  „„  MILLIMETERS 
(DIMENSIONS  =   pq^jq  ) 


8.20  8.46  1.14  1.40 


0.323  0.333 


r 


ROUND  MICA  INSULATOR 

B52600F015/B52600F013 


DIMENSIONS  -  MILLIMETER  (INCH) 
ROUND  MICA  INSULATOR 


PART  NO. 

DIM  E 

B52600F013 

3.56  3.81  (0.140  0.150) 
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MOUNTING 
HARDWARE 
TO-218AC 
TO-3P 


(fy  MOTOROLA 


m  u  a 


J33T8 


STANDARD 
NYLON  INSULATING  BUSHING 
T10582A001 


MOTOROLA 
SEMICONDUCTOR 
CASE  340-01 


HEAT  SINK 
OR  CHASSIS 


\ 


^  STANDARD 
MICA  INSULATOR 
T10583A001 


TORQUE  REQUIREMENTS 
0.68  Nm  (6  in./lbs.)  max. 
Recommended  Torque :  0.57  Nm/5  in./lbs.-5.5  kg/cm. 

ROTAJU8MI  AyWV.  Ok-.UCx 


■■,;<:■ 


•O5f  ,0  i 


CASE  340-01 
TO-218AC 
TO-3P 


FiOTAjUEii-  '.  i..v;  W.UflP 



STYLE  1: 

1.  BASE 

2.  COLLECTOR 

3.  EMITTER 

4.  COLLECTOR 


-  ■ 

DIM 

MILLIMETERS 

INCHES 

MID 

MAX 

MIN 

MAX 

A 

20  32 

21  08 

0.800 

0.830 

1 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

0 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0065 

G 

5.21 

572 

0.2O6 

0  225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12  70 

1 5  49 

0.500 

0.610 

n 

15.81 

16  51 

0.625 

0650 

rintriiT  in  I 


CASE  340-01 
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MOUNTING  HARDWARE  TO-218AC 

-  /Tin  3RAWQHAH 


(DIMENSIONS  = 


MILLIMETERS 
INCH 


D^ii :  4UOM  C131AJUaMI 

■ 


HARDWARE 
TO-220AB 


MOTOROLA 


Part  numbers  in  this 
column  for 
NON-INSULATED  MOUNTING 
FROM  SCREW 


Part  numbers  in  this 
column  for 
INSULATED  MOUNTING 


STANDARD 
.  NYLON  INSULATING  BUSHING 

T07872  A001 


RECTANGULAR  STEEL  WASHER 
A001 


clHjd' 
i 

i 

i 


MOTOROLA 
iMICONDUCTO 

(CASE  221A) 


\.       I  / 

 !  1  '  


TORQUE  REQUIREMENTS 

0.68  Nm  (6  in/lbs)  max. 
Recommended  torque  :  0.57  Nm/5  in/lbs  - 


5.5  kg/cm. 


Screws  and  nuts  are  not  supplied  by  Motorola. 


r 


MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

14  60 

1575 

0  575 

0  620 

B 

9  65 

1029 

0  380 

0  405 

C 

4  06 

482 

0  160 

0  190 

D 

064 

0  89 

0  025 

0  035 

F 

3  61 

3  73 

0  142 

0  147 

G 

2.41 

267 

0  095 

0  105 

H 

2  79 

3  93 

0  110 

0  155 

J 

036 

0  56 

0014 

0  022 

K 

12  70 

14  27 

0  500 

0  562 

L 

1.14 

1  39 

0  045 

0  055 

N 

483 

5  33 

0  190 

0210 

a 

254 

3.04 

0  100 

0  120 

R 

2.04 

2  79 

0  080 

0  110 

s 

1.14 

1  39 

0  045 

0.065 

T 

5  97 

6  48 

0  235 

0  255 

U 

000 

1  27 

0000 

0  050 

V 

1  14 

0  045 

z 

203 

0  080 

CASE  221A-02 
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MOUNTING  HARDWARE  TO-220AB 


ro 


(DIMENSIONS  = 


MILLIMETERS 
INCH 


RECTANGULAR 


RECTANGULAR 
STEEL  WASHER 

B09002A001 


DIMENSIONS  -  MILLIMETER  (INCH) 
NYLON  BUSHING 


PART  NO. 

DIM  A 

DIM  B 

DIM  C 

DIM  D 

DIM  E 

DIM  F 

B51547F005 

9.40-9.65 
(0.370-0.380) 

3.84-4.09 
(0.151-0.161) 

2.16-2.41 
(0.085-0.095) 

6.10-6.35 
(0.240-0.250) 

1.02-1.27 
(0.040-0.050) 

T07872A001 

5.95-6.05 
(0.234-0.247) 

3.05-3.15 
(0.12-0.124) 

2.15-2.25 
(0.085-0.088) 

3.45-3.55 
(0.136-0.14) 

0.95-1.05 
(0.037-0.041) 

MOUNTING 
HARDWARE 
CASE  346-01 
CASE  353-01 


8A0SS-OT  jfiAWQflAH  tWTMUOM 


® 





622 
245 


EE] 


43-31  1.7051 





EEI 


B12387B001 
B12387B002 


\   5  13  , 
0.208 
0.202 


1  -p-  1 


.05-  10  (  002  .004) 

B12387B003 

.10-15  (.004-  006) 

B12387B002 

.05-  10  (  002-  004) 

B123B7B001 

D  DIM 

MOTOROLA  PART  NO 

DM  t«a«> 
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Application  Notes 


POWER  SUPPLY  CIRCUIT  DESIGN 


AN-719   A  New  Approach  to  Switching 
Regulators 

This  article  describes  a  24-Volt,  3-Ampere 
switching  mode  supply.  It  operates  at  20  kHz 
from  a  120  Vac  line  with  an  overall  efficiency  of 
70%.  New  techniques  are  used  to  shape  the  load 
line.  The  control  portion  uses  a  quad  comparator 
and  an  opto  coupler  and  features  short  circuit 
protection. 

AN-725   A  Low-Cost  80  V-1.5  A  Color  TV 
Power  Supply 

A  full-wave  SCR  power  supply  is  proposed 
for  application  in  line  operated  color  television 
receivers.  Economy  of  design  is  maintained  while 
providing  good  regulation  against  line,  load  and 
temperature  changes. 

AN-737A  Switched  Mode  Power 
Supplies— Highlighting  a  5-V,  40-A 
Inverter  Design 

This  application  note  identifies  the  features  of 
various  regulator  circuits  that  are  in  use  today  in 
AC  to  DC  power  supplies.  The  note  also  illus- 
trates how  these  circuits  may  be  used  as 
complementary  building  blocks  in  a  system  de- 
sign. Primary  emphasis  is  on  switched  mode 
regulators  beause  they  fill  the  present  need  for 
energy  and  space  savings. 

A  complete  5-V,  40-A  line  operated  inverter 
supply  is  described  in  detail  including  design 
procedures  for  the  magnetic  components.  The 
inverter  itself  is  a  "state-of-the-art"  design  which 
features  CMOS  logic,  high  voltage  power  transis- 
tors, Schottky  rectifiers  and  an  opto-electronic 
coupler.  It  operates  with  a  full  load  efficiency  of 
80%  at  a  frequency  of  20kHz. 

•  tKtU 

AN-752  An  80-Watt  Switching  Regulator 
for  CATV  and  Industrial  Applications 

This  application  note  describes  a  24-Volt,  3- 
Ampere  switching,  regulated  power  supply  that 
operates  above  18  kHz  from  a  40-to  60- Volt,  60- 
Hz  square  wave  source  (CATV  power  line  from  a 
ferroresonant  transformer)  or  a  dc  standby 
source  with  input  output  isolation.  The  control 
circuit  consists  of  a  dual  operational  amplifier 
and  a  linear  integrated  circuit  timer  which  are 
used  to  vary  the  on  time  of  a  new  high-speed 
power  transistor.  The  circuit  provides  good  effi- 
ciency, good  regulation,  low  output  ripple  and 
incorporates  input  and  output  voltage  over  shut- 
down protection. 


AN-767   A  Line  Operated,  Regulated 
5V/50A  Switching  Power  Supply 

This  application  note  describes  a  regulated 
220V  ac  to  5  Vdc  converter  using  high  voltage 
switching  transistors  and  Schottky  barrier  recti- 
fiers. The  control  functions  are  all  performed  by 
integrated  circuits. 

AN-786   Power  Darlington  Load  Line 
Considerations 

Power  Darlington  load  lines  are  discussed  in 
the  light  of  a  typical  application  of  a  Switchmode 
Darlington  power  transistor.  Darlington  advan- 
tages are  reviewed  and  the  test  circuit  is 
introduced.  Load  line  analysis  revealed  a  reverse 
bias  SOA  problem  and  just  enough  snubbing 
was  used  to  insure  reliability  without  unduly  sac- 
rificing efficiency. 

AN-803  The  Effect  of  Emitter-Base 
Avalanching  on  High-Voltage  Power 
Switching  Transistors 

Reverse  biasing  the  base  of  a  power  transistor 
during  turn-off  decreases  its  turn-off  switching 
losses.  This  application  note  investigates  the  effect 
of  increasing  the  bias  into  avalanche  on  the  life, 
switching  speeds  and  inductive  turn-off  stresses  on 
several  types  of  high-voltage  switching  power 
transistors. 

AN-828  The  Effects  of  Base  Drive  Con- 
sditions  on  RBSOA 

This  application  note  describes  the  turn-off 
stresses  placed  on  high  voltage  power  transis- 
tors when  used  in  clamped  inductive  load 
switching  applications.  The  effects  of  off-boas 
voltage  VeEioffi,  reverse  base  current  Ib2,  for- 
ward base  current  I bi  and  temperature  on  the 
RBSOA  capability  and  switching  speeds  are 
illustrated.  Also  described  is  the  non-destruct 
RBSOA  test  circuit  used  in  generating  this  data. 


AN-845  New  Power  Bipolars  compare 
favorably  with  FETs  for  Switching 
Efficiency 

Power  MOSFETs  are  recognized  as  being 
extremely  fast  switching  devices,  but  are  they 
more  efficient  than  bipolars  in  all  or  many  high 
voltage  switching  applications?  The  answer  is  — 
it  depends.  Efficiency  is  a  measure  of  dissipa- 
tion, which,  in  switchmode  circuits,  consists 
primarily  of  switching  losses,  both  turn-off  and 
turn-on,  and  saturation  losses.  Since  switching 
losses  are  a  function  of  the  switching  frequency 
and  saturation  losses  are  relatively  constant, 
there  reaches  a  point  in  the  frequency  spectrum 
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where  one  loss  predominates  over  the  other. 
Thus,  in  low  frequency  applications,  devices 
with  low  saturation  or  ON  voltage  would  show 
lower  losses  as  measured  by  the  device  case 
temperature  and  at  high  frequencies,  the  fast 
switchers  would  run  cooler. 

AN-861    Pow  er  Transistor  Safe  Operating 
Area— Special  Considerations 
Drives 

Motor  drives  present  a  unique  set  of  safe 
operating  area  conditions  to  power  output  tran- 
sistors. Starting  with  the  basics  of  forward  and 
reverse  safe  operating  area,  considerations  uni- 
que to  motor  drives  are  discussed. 

EB-66A  A  Symmetry  Correcting  Circuit 
for  Use  with  the  MC3420 

EB-66  shows  a  method  of  implementing  an 
external  symmetry-correction  circuit  with  the 
MC3420  Switchmode  Regulator  Control  IC  to 


insure  balanced  operation  of  the  power  trans- 
former in  push-pull  inverter  configurations. 

MC3420/3520  Switchmode  Regulator 
Control  Circuit 

The  MC3520/3420  is  an  inverter  control  unit 
which  provides  all  the  control  circuitry  for  PWM 
push-pull,  bridge  and  series  type  Switchmode 
power  supplies. 


TL494/495  Switchmode  Pulse ' 
Modulation  Control  Circuits 

The  TL494  and  TL495  combine  the  best  fea- 
tures of  existing  PWM  control  circuits  and  add 
other  on-chip  functions.  These  devices  provide, 
on  a  single  monolithic  chip,  all  the  control  cir- 
cuitry for  PWM  push-pull,  bridge  and  series  type 
switchmode  power  supplies. 
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AUDIO  CONTROL  CIRCUIT  DESIGN 


AN-240   SCR  Power 
Fundamentals 

Relationships  of  control  angle  to  peak  volt- 
age, average  voltage,  RMS  voltage  and  power 
are  presented  in  chart  form.  Time  constants  for 
relaxation  oscillators  are  discussed  for  both  DC 
and  AC  supplies.  These  basic  form  the  heart  of 
SCR  control. 

AN-483B  20  and  30  Watt  Power 
Amplifiers  Using  Darlington  Output 
Transistors 

Use  of  monolithic  power  Darlington  output 
transistors  can  greatly  simplify  the  design  of 
highfidelity  amplifiers.  Described  herein  is  a  20- 
Watt  amplifier  which  uses  only  three  transistors, 
and  a  30-Watt  amplifier  which  uses  four. 

AN-484A   Medium-Power  Audio 
Amplifiers 

This  note  describes  a  basic  circuit  design 
approach  for  audio  complementary  power  ampli- 
fiers. Procedures  are  detailed  for  the  selection  of 
input,  driver  and  output  transistors.  Both  simple 
and  Darlington  transistor  systems  are  included. 
Biasing,  thermal  considerations,  overload  pro- 
tection and  power  supply  information  is  given 
extensive  treatment. 

Design  examples,  including  all  circuit  values, 
performance  data  and  and  suggested  P  C.  board 
layouts,  are  given  for  simple  tranasistor  am- 
plfiers  at  the  3,  5,  7,  10,  15,  20,  25,  and  35  Watt 


Also  included  are  three  amplfiers  using 
Darlington  output  transistors  at  the  15,  20,  and 
25  Watt  levels. 

AN-485  High-Power  Audio  Amplifiers 
with  Short-Circuit  Protection 

This  application  note  describes  a  recom- 
mended circuit  approach  for  high-performance 
audio  amplifiers  in  the  35-Watt  to  100-Watt  RMS 
power  range.  Circuitry  is  included  which  enables 
the  amplifier  to  operate  safely  continuously  un- 
der any  load  condition  including  a  short. 

AN-755  Solid-State  Relays  for  AC  Power 
Control 

Solid-State  Relays  (SSRs)  using  both  SCRs 
and  Triacs  are  examined  in  detail.  The  advan- 
tages and 
disadvantages  of  SSRs  compared  with  electro- 
mechanical relays  are  discussed.  Inductive  loads 
are  reviewed  and  snubbing  suggestions  made. 
Parts  lists  are  given  for  SSRs  for  voltages  of  120 
and  240  V  rms  and  currents  from  5  to  113  A 
rms.  Also  described  are  circuits  to  give  ac  and 
CMOS  compatibility. 

AN-766  A  Variable  Frequency  Control  for 
30  Induction  Motors 

This  application  note  describes  a  variable 
variable  voltage  drive  system  for  three-phase 
induction  motor  controls.  A  survey  of  possible 
system  configurations  and  a  detailed  description 
of  a  semi-converter/transistor  inverter  quasi- 
square  wave  drive  system  are  included. 
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POWER  TRANSISTORS 


AN-569   Transient  Thermal 
Resistance  —  General  Data  and  Its  Use 

Data  illustrating  the  thermal  response  of  a 
number  of  semiconductor  die  and  package 
combinations  are  given.  Its  use.  employing  the 
concepts  of  transient  thermal  resistance  and 
superposition,  permit  the  circuit  designer  to  pre- 
dict semiconductor  junction  temperature  at  any 
point  in  time  during  application  of  a  complex 
power  pulse  train. 

AN-778   Mounting  Techniques  for  Power 
Semiconductors 

For  reliable  operation,  semiconductors  must 
be  properly  mounted.  Discussed  are  aspects  of 
preparing  the  mounting  surface,  using  thermal 
compounds,  insulation  techniques,  fastening 
techniques,  handling  of  leads  and  pins,  and  eval- 
uation methods  for  the  thermal  system. 

AN-785   Reverse  Bias  Safe  Operating 
Area 

The  rating  of  high  voltage,  high  speed  switch- 
ing transistors  for  safe  turn-off  operations  is 
examined.  Clamped  inductive  turn-off  measure- 
ments are  used  to  generate  a  switching 
RBSOA — reverse  bias  safe  operating  area — 
which  can  be  used  in  conjunction  with  load  line 
analysis  to  assure  proper  transistor  operation. 
The  effects  of  inductance,  temperature,  base 
turn-off  conditions  and  forward  base  drive  on 
RBSOA  are  included  in  the  discussion. 

EN-101   Verifying  Collector  Voltage 
Ratings 

Methods  of  verifying  the  various  voltage  rat- 
ings given  on  transistor  data  sheets  are 
described.  Practical  test  circuits  are  given  and 
testing  problems  are  discussed.  A  detailed  dis- 
cussion of  the  avalanche  breakdown  mechanism 
and  the  significance  of  various  voltage  ratings  is 
also  included. 

AN-828  The  Effects  of  Base  Drive  Condi- 
tions on  RBSOA 

This  application  note  describes  the  turn-off 
stresses  placed  on  high  voltage  power  transis- 


tors when  used  in  clamped  inductive  load  switching 
applications.  The  effects  of  off-bias  voltage  VBE(oti). 
reverse  base  current  lB2,  forward  base  current  IBe 
and  temperature  on  the  RBSOA  capability  and 
switching  speeds  are  illustrated.  Also  descri 
the  non-destruct  RBSOA  test  circuit  used  in  c 
ting  this  data. 
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AN-845  New  Power  Bipolars  Compare 
Favorably  with  FETs  for  Switching 
Efficiency 

This  application  note  discusses  whether 
Power  MOSFETs  are  more  efficient  than  Bipo- 
lars in  all  or  many  high  voltage  switching 
applications. 


AN-873  Understanding  Power  Transistor 
Dynamic  Behavior— dv/dt  Effects  on 
Switching  RBSOA— 

Power  transistor  dynamic  behavior  can  be 
affected  to  a  large  extent  by  dv/dt  limitations.  A 
look  at  the  internal  workings  of  the  transistor 
readily  shows  how  these  limitations  arise.  A  sim- 
ple circuit  model  is  developed  which  reproduces 
the  behavior  of  power  transistors  in  dv/dt  limited 
modes  of  operation.  Experience  with  the  model 
gives  some  guidelines  for  minimizing  dv/dt  lim- 
ns in  practical  circuits. 


itations  in  practi 
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AN-875  Power  Transistor  Safe  Operating 
Area— Special  Considerations  for  Switch- 
ing Power  Supplies 

The  purpose  of  this  application  note  is  to 
take  a  look  at  some  of  the  more  subtle  aspects  of 
how  stress  imposed  by  the  power  supply  relates 
to  transistor  safe  operating  area  and  differentiate 
those  stresses  that  the  transistor  can  handle 
from  those  it  cannot.  In  order  to  provide  a  proper 
foundation,  special  considerations  are  preceded 
with  a  review  of  forward  bias  safe  operating  area. 
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